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_schnical pzogress. )ty exper£ence _,as oziginally assv_ciated prin(.'tpally

vlth research in support of the devebpment of aircraft., and now, more

recently, has be_ conce.rv, ed with research in support of. the development

o£ sp._cecraft. The probl_,_ that is becoming increasingly more pressing

i_. that of developing _he means for accelerativ.g th_:.:-effecti_,e distrl-

button and assimllatiou of the ue_ly acqu£r.ed research information, i

though that thls subject _utd be o£ speclal interest to such a group as

_. _ this composed largely of educato,rs.

" In 1926, when I joined the Langley Laboratory of t-_ NAC._, aircraft

had been £1y_ng since 1903, the N_CA was 13 years old. and actual research

activity at the I_ugley Laboratory-was only 7 years old. The chgrter of

NACA provided that it shall study _e proble_ of flight with a vlev to

their practical SOZUtlon." Under a time schedule essentially geared to

: _he development of military aircraft of increasing per[ormance which de-

velopment proceeded from _eneration to _eneratt_nl in approximately 7-year

_ cycles, a labor_._ory_ was built _p which provided the aviation industry with

_ the defir,!clV_;:'ans_ers _equired to build their aircraft. Langley became a

'_ I prime national center for th_ wirM tunnels that provided the detait shapes

" 1 end co._.,_urations and the air loads for structural design.

' ! As World Nat II approached, the Government recognized that interne- ..

' _ional competition for leadership in aeronautics required an expansion of

' _ aeronautical research Eacilities. In 1939 ground yes broken for a new Zab-

oratory at Hoffett Field, California, now called the _mes Research,,,_nter.

In the following year a flight propulsion laboratory was started at Cleveland

, Ohio, and now called the 1.ewls Research Center. As each new center. _as started

=7
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B

' a nucleus of key people left Langley to staff the new centers. Langley,

too_ was e_paDded to _eet the threat of wnr which came in De, ember 194!.

During World War II, a peak _n the LRC staff was reached as the u- _ .

n!que facilities there were used _round the clock to keep pace with war-

time developments. _:'ring this period, although wind-tunnel activities

dominated the l_ugley scene_ adequate programs of research in aircraft

strvctures, flight loads, and aircraft operations and hydrodynamics were

pursued that maiutainad a broad base of knowledse in the entire field of

aircraft design.
$

The strednu by which ti_.e research effort of these laboratorLes v-_s

brought into the _gine_rin 5 cou_n_ty was by means of _onvevtioual tech_

nical notes and reports, euppl_aent_i bv an annual inspe_.tion o£ facilities s

by aircraft executives and angineers. A_ter World Mar ii the pace of re-

search activities and application had increased so that a major probl_ •
• j

existed of getttn8 researc_ results to the potential users. The time _e-

lays Inherent in preparing repozts for pub;.Icatlm_ and the assi_latlcn

and organi_atio_ of the material by a few people inside each major aircraft

company for use by the practiciv- en_in3er became unacceptable. As a solu-

tion _ this proble_ there were held at frequent intervals special _-onfere_ees

which organised and prese_xtad to the industry the rarest findf_&s in broad

areas o_ aerodynamics, of s_ruc¢ural design, of aircraft loads _, of flutter,

and other areas of speclali_attOno The written conference reports became

guidebooks by means of Which the more detailed reports, that 8til_ continued r

to flow, could be fitte_ into a more comprehensible _le.

t
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._ During8 thi._ s_ pe:riod there war not sultielent time for adequate

textbooks to be written for use in the schools. To deal with this _:'o-

_,' _l_n university confer_mces were organized for the special purpose of

"_ m_:ki_-g new research infor_atton available to the a::_OemLc co,._muni_'y.

'. _ Theze i.lways :las a small group of university pr-£,essors for _'..om these

' cm, ferences wet" nor necessary because of thei_ ef£iliation wftn research

proSr._N ir ._._,eir r_ap_c_ive schcols or other contacts and ac_i,:ities.

Howevez, for most of the engineering teaching profession access to the

t r.ew knowledge created by the large rest.rob laboratories was throtgh the ,

norms! channels of technical noce_ and reports _pplemented by the university

con.ferences.

• _ The conference seemed to have supplied the _olution of quickly inforr_ing

2 [ _he practicing engineer and the university professor of the research results

at the !__$el of activity est._blished in the post World War II period. _Li_

• _ Zevel of activity did not long remair, static for on October _, 1957, the ,
t

I Russians launched the, first artif._ '_.a ._t._lllt.e,

• } Sputnik I _udden!y aroused t,hi_ country to the need for a _rreatly ex-

. _._' panded space progr_,'_..7 October I, 1958, the United _t_es Govo.rn_en_ ::'

' _ which recognized tha_ tf _he exploratton and exploitation _._ space for peace-
F.

ful purposes was to be vigorously pursued, it could no k_,_c.r be done lndepeud-
* _ ently by several branches of the Government, created tht_ _,:_:.ioualAeronautics

and Space Admintstrati_ Th_ NASA, although a re_ a_, ,•_.'_'_ was composed of

, [ alre_._dy existing and £gnccleuing or_anization_ of _.,'. _.erument. among which

' i the l_/_A was the largest. Since _,_rld Nat t?, t_.,, _,_,',," _light stations bad been

• i _qdded; one fc: vilo_less aircraft research ,at_/_i_,.opo Island, Virginia, the

|
_ _ Ms mm ........... ,, .................. ,................. ,,,,,,,,, .......... |
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other for htgh-spee_ _nne_ aircraft at _wards Air Forc_ Bast. C_itfornia.

"" The total complement of NA,CA was about _5_,

,_ The Space Act of 1958 consolidated, greatly expanded, and qutck_ed :he
,jJ ._-

_, pace of this natio_x_s program of 8pace exploration. The ICY _ other pro- .:_

grams were already under way and were laying the foundation for th_s trench-,

dous expansion of _cti_ity. For 5 years the NAOA had been partiefpating)-in

IFthe fl_ght research-project that resulte._ in ,the successful development of ._2;,..

the re, ,t-propelled X-15 manned alrcra_t. The LRC was deeply involved in _,

; _eveloping the concept for this research vehicle and in close support of the _._ ._

entire _rog.-a_ of deslgni co_.struction_ and fli_t Lestlug. This project is _ • :

an example of on e that served as a focal point for an initiative _eearch _/" '

effort. During the wear prior to the enact_mt of the _pace Act _he I_C ;_ _.

had formulated in considerable detail the concept for the project that la_er )r. r

became known as the Ne_cury project. _/e formed a group that became the n_cleu_. _i._,

for the group th__t uo_ for_ the: Harmed Spacecraft Center at P_ueton_ Texas. _?

_e continued to ut_ti_..e our res_a'._ch facilities to support the Mercury o:oJ_ct . _: _,y.-

throughout its llfe, }

These exa_les of _ocal points that lend objectivity to our effforts are 'i. .------

tllustrativ_ of the -_nner in which _e continue to operate a_ a major Research _ '
::.___

Center of the N_A. _/e are supporting the _ni and Apollo programs in mm,y ,_

: /

_ays and a_ df¢_ly involved in conceptual stud_e_ of a Manned Orbital Lab- 'i

oratory that _ay later becor_e _n approved flight, pr-]e.ct. We have 8iven, a _ '.

_ great amount o£ attention to the problems of lifting reentry bodies fo_ _

application to the I_a-Soar X-20 project or possible space ferry vehicles, "! }

In' response to ;',e re.earth needs create_ by these _ epa_ flight ayet_e_s _ ,,

' r

,, i_

_( " 't.

, m . m_mm* .... ""' %.... _ "'' i
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end of space vehicles nfo¢ yet defi_ed ms pare of _.ASA's official proeram,

•. the fac_ of Lsne__ey Research Center has changed. A hard core o£ wind tunnel8

stIIi r_.ns _c Fur•us the aeronautical development proeram that _ _-

espllf_ed by the _ersoalc _rensport which w111 fly In coer_ercl81 se_-.4ee

_t speeds of 2,000 aph, but to them tbere bas been added t complex of news

ia_orator[es.

IUeh-tempera_re uind tunnels exist for structural tests _;th 8taSna-

tton tmsperatures as hieh as 3,500°F; ales az¢ heatin$ Jets which are capsble

of producinstempers_ures as higbas 15,000_F _to test materials to be u_ed tO

protect _eeRt_y vehicles, and • host of vscutm chmbers rausing in-size from\

• £e_ .'ubic feet to • few _ens of thousmsd• o_-_cubic feet in which vacuums

;

approachins t_-.* of sp_: can be p___.ed. The_e chin•bets p_tt _he verious

klnd._ of r_az©h t_ts to be _._,.._)tshed for _tch the at_st_her¢ a_ s_-

level procure would interfere; dy_c tests such as the infr_tto_, of the

' _;in-valled spheres of _he_'_cho serieS; s._paration of _ocket staees; radio

wave absorption in rocket exlmu_s; evaporation of surface fil_s,

IJtC has wind tuur.els and special devices for creating flo_s vlth air

ox _peci_l _ases over -_ vlnd =snWe o£ speeds aod p_-essures. At the upper

range of sp_ ;s. tempera_urea are _merated that are su_Iclent!y high to

excite the Sad _lecules _o fh_t _hey tadi_e _er8_ in the visible and _n"-

_ra.-ed frequency tenses.

Real=tt_e dynamic 8i_ulatoxs _8t or are bei_ s built which will per•it
p

rese_re<h to be carried ou_ _._ the _n_rol _roblms of _nncd sp_ce vehicles.

.... _ 8uch s/_u;ator8 peat;research _ne_nesrs to study the sT_tems required m_ ....

p_ pilots CO"fit on e_th those atssiot_ _or _h_.ch uo opport_ £@_

i ! '

_e

m m_ _ n
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classified conference on the current state of knowle_lge ou all aa_cte of

, the design -f r. supersonic_Irmasport.

As it _as a_ays--been, a Koo_ deal of this information is detailed, and

of trv_sitery interest, but if the fraction of it that is siKnificent today

a,, it was In the past, unst ve not try to diocover nee mechanisms for the

transfer of _s inffor::ti_n into the scientific and technical commmJ.tyY

Off speciaI-concern is th,*. introduction off this information into the educa-

_ t_onal system, uok only fo_" the e_eation of new m_mbers of the professional

peop_ but t.lso for those whoae knowledge must contlnuallT-be updated.

It ha6 bee_, suggested that o_ solution of thl8 problem cam be pro_wid_d

by _ssoelatinK _ducational cmmmIittes elose to major reseazch- centers now

"_ _ttuated in many p_._p of the country. Croat credit is due the education_

: l_der8 o£ the C_n_th ef Vtrsinta, Idbo in reco_Ltton of the problem

Of tmintaining:a COntinuing association of the nmleduoatlonal research

, o_untty w_tb educatto_ institutions have ,or are in process:of _stabl_

" a ue_ graduate center near-the LRC. This center_ authorized _der "enabling.

.. lea_la_ton paesed l_ the 1962 mee_tnS of the Caner81 Assembly, will permit

the t_ree major inati_tlon8 of hisher, learning 4n V_rK_nta, who are nov : ""

ensased in fl_ceduate education end resesrch_ to operate e major tabor_ory

of the Lsnsley-Rese_.__h Center, and also to establish a cooperative prosr_m.
,=

of _r_d_ate _tton in science and en_iueering, Ue believe that such a

' _ _ center, con do uneh to improve the glow o£ new k_wledge into the usual stream
_. of _e_ucattonal activity, :'°.4_"

Jisn_ _h_ things are being done real in the future many ne_ methods end

pro_edure_ probably wtll be developed to _alera_e an effective distrlb_t/_

!
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+andassimilation of the rapid flo_ of new research information. This is

a _atter that is receiving a great deal of attention by the KASA, but l

vould like to sussest that the advice and inventiveness of educators sach

as those here tonisht vould be of great benefit. Me belff.eve that this meet-

ing here at Blacksburg serves as a very important mechanism in dealing with ;_

this probl_. Certafn[y It must serve to shorten the chznnel that connects

various sourges off signit£cant nL_ research information with tEz te_htng i

stair o£ colleses and universities ovor a wide a:ea. This is an important -_

reason for our _esire to assist In the dev_lc_Nnt of the seri--a o£ summer ! ....

•, conferences on _4c e actJvities here at Blacks_rs. " i -"

. In cloains, I should like .to quote fro_ the _rda of a.:man not au _nl/neer . ! "'-

_or Sclentlst_ b_t a keen observer of the modern _mex-lean scene, the _resldent i :! - -
of-Ksrvard, Nathan lhasey - '"_e live_n s tie of such rapid chans_4 and 8z_th +

in knovled_ that be _ho Is in a _mds_e_tal aens_ • scholar - that is a+ per-

son who emit_nues to learn azd inquire - can hope to play the _ole of: l_/_te_ +._

Indeed, it t_ not too inch to believe that we may now be c0ed_g into _m A_e ....

off Scholars, for ve h_ve crested for ourselves a _nner o£ livinS in _merlce

in which a little learning can no longer serve our need8."

-+ 2

!-

-' i j

}

i

- ,+

+,

|- ,++++:
++ . + _ . +'_++

] 965005896-0 ] 4



_t _T_

{

(;

mmm mm mm,,._u_ M mm m_ m • imp | m

1965005896-015





,

I

,)

by -'

3ohn Klesling

INTRODUCTION _

Tt_ c_,pabilities of existing ions-range commuuicatton_ facilttte-s, already ._

pressed by present demands, will be inadequate to at-ce_date anticipated traffic

within the next decade. One of the possibilities for providing the needed in- _?@

crease in _unica'tions facilities is the satellite comnunications system. -_ '
_7

T_e communications satellite has .the potential ability to provide long-distance,,__,, _ •
co_nunication at mtczowave £requencie_ with bandwidths available pe_Jtttin_ the

tra,smtssion of television of many simultaneous voice messages. This can be e i_
_- •

new and reliable link i_ long-distance, transoceanic telephone and telegraph _'_:-_,

co_,ni'a_ions, as well as new means for in:ercoutinental radio and _elevision '

transmis sion. _" -

Relay is a communications _tellite built by RCA-for the Natatorial,Aeronautics

,- and Space A_inistration. " The satellite was launched :_rom the Atla_t_ Missile

Range ,-ni)$ce_ber-i_, 1962 by a Thor-Delta rocket a_0 p;_'ovided experimental -,__ .

co_a_un!cat_on llnk_ between l_orth and _outh America, a_/ between the A_erica$ and

Europe. T'_is s_tellite continues_ to pergor_ satiafa(:tor.ily after eight _uths -__in orbit. A second l_lay satellite w_l_._,laun_hc, d in late 1963, Pz_jeet assay ,..,

has the follo_in_ ob ]ectives: (i) to investigat_ w:!,deband commnica_.lon_ between

distant g_'ound stations by means of a low altitude o',rbitt_ satellite; ,(_) to

measure the effects of the space environment on such a satellite; and (3)'to _ "
• j.

develop operational e_perience in the use of a satellite con_unt_at_.on_ system.

il ii iililii l
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The satellite contains an active repeaterto receive an@ re-transmit com-

muvications signals between stations in the United States and Europe, and the

United States and South America. Communications slgnal_ evaluated are an assort-

ment of television signals, multlchannel telephony, and other coa_nunications.

l /

A major part of this prr_ect, a ground statlc,n network covsiscing of six

Relay gre_md stations located in the United States, _outh America, and Europe,

has been developed to serve as the terminus of the commanlcatlon links. Tb,is

t ground station network was developed through the cooperation of a variety of

governments, agencies and private companies.

Project Relay £_ also used to perform experiments which will p_ovide the

following information: (I) a measurement of rsdlation damage t¢ critical tom*

ponents such as solar cells and silicon _iodes, and (2) the monitoring of

radiation encountered _t the orbital altitudes. The results of these experl- --_

meut_ are bei.ng correlated with_e:,,_ements of integrated _lux, and energy

levels of protons and electrons to obtain experimental estimates of component

lifetime.m

Communications repeater satellites present special problems to the designers

!

and users of these equipments. The satellite environment (including the launch

environment), spacecraft acquisition by the ground station, the Inaccessibility
C

for repairs and routine maintenance, and thermal _ud power supply problems impnse

speclal constraints on th, _esign. Ho_t of these problems _re relatively new

_ and solutions are esther not readily available or not proven by experience. These

_ are the _rincipal problem, s that require investigation, and the experinmnts of

Project Relay can provide information necessary to _rrive at possible solutious.

!

: i I

• (
T

m

,-' iiiiiiii 1 1 1 _ ..... 1 1 _ _• m _i - ii ii _ 1 -_2: 1 II,ill'"i .... _k,l,_ 1 1
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The co_unicat_ons satellite must perform a variety of critical functions in

order to remain operational. These functions, as they _pply to Relay, are sum-

marized as follo_'._"

$

I. ._gmmu_'Ication%: Microwave repeaters, as such, have been oper=tional for

i many years in overland routes. However, when these techniques are ex-

tended for use in satellites, limitations in size, weight, power con-

suml3tion and thermal dissipation quickl 7 become apparent. These problems

provide the challenge for the equipment desi,_j_er. Inaccessibility for ,

repair places critical i_portance on the reliability of the circuits end

components, and the hostile environment (vacuum, radiation) requires ex-

tensive conelderation.

2, Command: A series of command functions (and a command communlc_tlons llnk)

must be provided. For instance, the communications system nust be turned

off when not needed in order to conserve battery power, and other functions !

must be executed on command, at the proper times.
o

3. _: Beacon signals at 136 MC are D1"ovided to as_1_¢ tracking stations

in establishing _he orbit, and providing tracking In._orm_on to the ground

station. A microwave bea_._n is also provided t'oassist the large ground ,_

station antenna (wit_.hsmall bezr_ wi_ths) in locking onto the satellite.

e

4. Telemetry: Telemetry is required in order to assess the state of the
i

various satellite subsystems, and as a diagnostic aid shoul-._ trouble develop.

.._ Power Sup_10_." The power supply nm_t provide ail the p_imary power for the •

satellite. On Relay, the solar cells are not capable of supplying the

peak loads required to operate the commanications _q,_l_ment, hence

batteries are necessary, and, hence the communications equlpme,_t _ust

i °
I
I

?
.i
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: operate st a low duty factor. This problem must be overcome in an

• ,_= operational system by either providing a la_._er sol_r array or usi,.Lg

other forms of primary power generators, such as nuclear power supplies,

,_ or radio isotope power supplies.

• 6. Stabiliz_ti_n: The satellite is stabilized in space by spinning it around

its (spin) axis. If this spin axis, i_ aligned correctly in spac_, a

torldal antenna _attern will provide sufficient "looP, angle" coverage.
,f

?_ Relay is spun at about 160 rpm and its moment of inertia about the spin
5L

_-:, 3xis is ten percent higher than it i_ about other axes so the spin i_ made
Y:

t s _able.

: 7. Att_itud_eContr_____ohAlthough the s_iu axis is fixer_ in space there are small

_ torques applied to _he satell_te which would cause the spin axis orients=ion

_ tc change. These forces are motor torques Oue to the interaction be,._een

_ the e_rth's magnetic field and the _.agnetlc dipole (cesidual .negne'_ism)
•

_J ef the satellite and the currents flowing thrc-_gh _he electrical circuits

i_f, of the satellite. Arother source of torque is _ne gravity _raeien_. Whe

-_ nodal regression of the orbit, due to the non-s_heri:al shape of the Earth

i_'_ causes the plane of the orbit to rotate, w: _.h, in tucn, causes an apparent

shift in the axis orientation. On Re] the dominant is due 'spin ny, torque

_r to the Earth's magnetic field, A torque coil _,onsisting of many turns of

,_.: wire i_ #o_,nd around the "equator" of tim sa_el!ite. When the satellite

_ Is in the correct position, a current ca_ be made _o fl_" through this

_!' roll (on ground c_mmand) to apply a torque to correct the satellite

a_tltude. Other methods of torque_r_ may be used (e.g., _as jets, rockets,

plm_ma esgines).

I

_ +
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DESCRIPTION JIN!_

The communication system used in the Relay spacecraft is composed cf three

major subsystems: (I) wideband communications, (2) telemetry, and (3) command

control. Each active component o_ the communication subsystems is redundant, with •

the exception of the telemetry encoder. Weight limitations p_ecluded zedundancy

for this unit,

The Duzpose of the wideband ¢o_munlc:_tlons subsystem i:_ to pcrf¢_[_ experiments

cn the following types of transmission: television, multic_nnel te!e?hony, high •

bit-rate digital data, facsimile, telephoto multichannel teleprinter transmissions,

etc. Specifically the subsystem will provide _-he following: (]) television ,.tans-

mission in either direction, between Urited States snd European stations iucludlng _

the transn_ission o_: test signals and patterns, an4 a tie-in with tele¢ision n_=twolks j1,;f,

in the _nited States, England_ France and West Germany ._ both progr_u souz;es an_

for the distribution of Relay P,'ograms_ (2) multichannel, two-way telephone service t;_

of 12 channels each ,_,een the United States and Europe, and between _he United '_

States and Brazil, and (3) mu]t_chanuel, record cotm_unications service and high- _%:

speed data transmission between the United State., _nd European Stations, _nd be- _ =__

t_een the United States and Braz_l, '_

In addition to communications ovek" the link, a variety of television, telephosy _

and other cor_munications techniques can be stud_ed at a pal titular ground station b>

sen,:i,*gand receiving at that station. This will also allow a study to be made of the

detailed llnk per forty,nee.

The telemetry system will provide remote monitor_ _g of the critical elc-ctrical

parameters of all subsystems carried on board the spacecraft. In addition, either

telemetry transmitter can be operated without modulation _c provide a 136-megacycle .... :

carrier for spacecraft cr',cking operations by the NASA Minitrack System. _i_

.'<?
,i;_

_,_
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_e co_m_and control system wil! permit radio remote control of all switched

• functions tn the spacecraft.

_le ground station transmitter for the tclevision and 300-channel telephony

is a fT._uency-modulated 10-k# klystron with a _pectrom bandwidth of 10 to 14 mega-

cycles Cl_c) per _econd. An 85-fo_t p_abolic anc.enna or a 6S-foot horn will be

used dependin_ on the p1_tlcular ground statio.'. The transmitted power _o the

satellite is sufficient so that the system noise chresho!d will be due. alr_st en-

tirely to the satellite to ground link. For the 12 chanvei two-wa 7 telephone

circuit a IO-ke klys_ron with a l-He-per-second bandwidth wiil be used with a 40-

: foot or 30-foot parabolic antenna. The ground transmitter frequency is 1725 Mc.

The ground receive-s wlll use a variety of front ends consisting of either

maser _r parametric amplifters.

: The satellite repeater perfo_mance is characterized by hard timiting and

modulstiof_ index tripling. The r.riplin_ is required" because of the iimi_ed band-
_Ng

t

._ width of the ground transmitter. Th_ output power for each of the two-way tele-

phony channels is four watts. A 4080-Hc, 200-_w 5eacon signal is also provided as

a tracking aid.

, While the objec_ of the experiments is to study the feasibility of satellite-

ty|e co_unications lioks, and considerable care has been exercised in the design

1
of the 1_nks in order _ dchieve this objective, the link is not an operational

system and the =billty of various co_ntries and organizations to participate in the l

program has been dictated by the availability of equipment and funds.

The transmission _dium chara_terlstlcs are being examined, these _°e

_ a__tenuation_ attenuation stability, phase char"-cceristics, Interference, noise, time "-"

_y and other characteristics tha_ may be of interest• No special anom_it_ ha:e
!

been o_sexwed to date except _or some refraction at the horizon.

#
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The _atellite receiver signal strength, telemetry data, and attitude a-e being

correlated wi=h ground stations performance (antenna elevation, pointing error,

weather condi_ion_ and doppler shift).

EXPERIMENTAL RESULTS _.

R_lay was launched on December 13, 1962 from the Atlantic Missile Range. in-

formation for the launch and from the first o_bit confirmed that the satellite had

_c._.icvedthe desired orbit_ At the present time, Relay has accumulated almost 2000 -----

orbits and successfully "relayed" television, telephony and other data tran=mis.:ions

between North Ameri,:_ -_ndEurope and t_eo-way telephony between North and South

America. The programming thus far has included the M_a Lisa dedication cerny,nies

with President Kem edy relayed to Western Europe and Italy; a telephon message to

Europe by the astronaut, John Glenn, a message by the S=cretary of State, Dean Rusk,

relayed to South America via the Ri_ ground station, a portion of the Disney Show, •

Jn color and several news sto_ies of significant interest. Many more programs e.re _

planned. _ne ground stations in North America and Europe have reported excellent

performance and qual_ty, thus demonstretln B the wldeband capability of the _lay --

Satellite. Programming to and from South America ha_ been adequate bt_t not as

spectacular because of the small station there (30-foot antenna and 400°K receiver-

noise temperature).

Several difficulties have been encountered with the Relay Sate!l_te equipment_

The most troublesome has been _n intez_Ittent failure of a series power transistor

in the power supply voltage regulator which provides regulated voltage to one of the

wideband transponderr#. T'_.isregu!atOr-trans_stor _Iso acts as a switch to dis-

connect the wideband _r;,nsponder when not in use. "the germanium t._ansi_tor de..

veloped s_fficiently _.igh (leakage c_rrent}, so that this transponaer turned on #-

m
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-" _= aider launch and could not be turned off. The bgtteries disch_,rged t,.nderthe

constant hl.gh current drai_ and the satellite was ._ot use@.ble, me leakage

was believed to be associated with the dcwpoint of the gas [aside the trans-

_ istor cap which was nor. suf{iciently low to prevent ice-_.ormlng in the

transistor at Io_. temperature. After about two weeks the t,oubie cleared

_i and th_ satellite became operational. The trouble reappeared in March 1963

. _ when the satellite was in partial ecl_pse but c!eared again after" severa; days.

;_. Experiments are contin-ing to determine the precise failure mechanism, although

_g it is believed at. this time that tho. difficulty is not associated "#Ith the

;_ space envlrov,_lent directly. One of the thr,.,eb :tteries became inoperativet¢

_- durin_ Ma-_ch _ecause of a defective charge regulatoro Due to the redundant

- _. circuitry used, _he satellite is still completely useable except for a lower
duty factor.

Spurious commands have been observed (requent!y in the spacecraft, that is,

, _-', equipment sometimes turns on or of_ wLthout ground command. It is not yet

_ escabiisbed _hether thi__problem is due to a fault in the satellite or to

spurioos commands caused by radiation_ from ground transmitters such as Air-

port Radio Co_ttol_etc. So far it has t_t been possible to duplicate these

..- spurious commands with _ ground experimer_s.

-"";_._diation has taken its toll of th_ spacecraft solar cell _ystem. _he

solar cell array initially had 130_ of needed capacity based on I00 minutes

of operation a day, and the a_r_y capability decreased to about 50Z of this

cap, city after 8 months in orbit, This degradation only means that the

operating duty factor of the satelllte will have co be decreased as times

, ___ passes. It is believed that the degradatlon is less tha._ expected because
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the _av Allen radiation is _me_hat less than expectea. The second Relay

sate!lit _- hac been fitted with N-on-P solar cells which are _uch more re_ _.r-

tent to radiation. _Is _econd sa_elli_e will be i4unched during the latter

p_rt of 1963.

r_._uP_ E_EB.II_E_

Before e commercial co_m_unications commission ucing satellites (either

_ at non-synchronous or synchronous altitudes) can be considered as state-of-the- _

art, additional expez_.ments must be perfor_'d and c_rtaln techniques advanced,

These improvements are in the general areas ef satellite and launch reliability. _ :
._.

One o_ the fundamental costs of a satellite syscen will be satellite replace- *

ment cost £ncludlng launch cost. Substantial improvemen_ _f the mean :tree

between failures (_F) of the satellite _qulpment can be achle_d by re- -_

duclng the complexity of the equipment, es_-ecially the satellite power avpply,

and by Judictoas application of knc_#ledge of the space envlrom_._nt to the de-

sign of compormnts and circuits. Experience with satellites l!k.e Relay provide ,

this knowledge. _

N_ltlple launch is _nother way in _blch operating costs can b.e reduced, "_

This has not been atten_t_d with any communications satellite as yet, prin_rily _

because _e bonBte_s used in these programs do not h_ve the cepabili_y. This __

situation will improve _:_n more advanced rockets become available. -' _

New types of power supplies are certa_.nly required got an operat£_nsl

system. If sufficient average po_er were available co the Satellite equ£p_nt, :_

the equipment could be le£t on Ir_ief£hltely, thereby improving the basic :_

reliability of the equipment itself, as well as eliminating a com_licated _

command system, and eliminating a battery-type power supply, _Ith all its :_' -

:'!i
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complexity, to handle the peak load. Solar cells are capable of the average

• powe-, but the solar array_ become large and heavy, and of course, the sat-

e11ite £3 not useable daring eclipse. Nuclear power supplies now under

development may provide the answer.

Higher orbits with stecrable anteannas and s::atton keepillg (e.g., the sat-

el!ites are fixed in positio_ with respect to one another) provide more coverage

with le_ sat_llites and !ess sverage power per satellite, _nd as much, promise

to be a fruitful area for experimentation and growth.

t One can visualize a satellite communications system initially employing a

sma_l ntm,ber of medium altitude, randomly spaced, spi_.-stabilized satellltes

like Relay to provide limlted con-_unicattons ability for, say, the North
i

• Atlantic Community. As technology advances, new satellites with greater so-

_, phistieation in the areas named above could be launched, extending _he coverage

to other polnrs of the glove, and reducing outage time. 1"ne system could grou

to the s_stionary satellite syste_ (synchronovs) when the technology permits,

while providing a substantial communications c_pabiltty in the interim. _'_.is

procedure would defer a flt_ commitment to the more _ophistocated systems untll

these systems were state-of- the-art.

Of course, the exact forth and timing of these experiments depends upo_

many factors. Government participation in experiments, the effectiveness and

_,: needs of the newly formo_d Communications Sa'.ellIte Corporation, the needs of

forelgx, governments and agencies, the funds available, and political consider-

_ ations, all combine to complicate a situation which is already complY_cared in

the technological sense. It is probably safe to state that the experiments _ill

be per form_d, _hat a satellite communications system will eventually evolve,

' ._! and to leave the time scale and the participants an open question.

' 1
!

|
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SATELLITEDATA RECOVERYAND TRACKING SYSTEM

by

Gerald M. Ttu',zyr_skl
e

National Aeronauticsand SpaceAdm,nlstratio_

Gentlemen, my purposein being here today is to describefor yousomeof

the NASA accomplishmentsar_ plans in the area of Tracking and Oata Acqu|sitien

for munnedsatellites. I ._'ouldlike to begin with a very br|ef descriptionof the.

MannedSpo_.eFlight Network as it w,_sconfigurod for h',e Mercury program,

follc,wed by a discussionof tile chang_.'sthc_were made in the Network for the

longerduration orbltal flights of Schirra andCooper last October and May

respectively. Ne>:t I wl;! 3escribehow the Network oerformedin termsof its

ability to providemissionoperational control ond in termsof its accuracy and

its reliability. Finally, I w_l disc..m_e augmentationsplanned for the support

of the upcomingGEMINI program.

(he geographical locationsof the s_'ationsin the odglnal MannedSpace

,_t Network ,_reshownon the first slide. (Slide l) There is "1totcJof J6

stationswhich includes two ships;or,e ship in the Atlantic and one ship in the

Ir_dianOcean. Thesestatlom h<,veI_eenpubl|cized on TV and in the newsmed;a

and I amsue everyone is generally familiar with their general distribution. The

_--. basic rationale usedin settingup the Network however, is not generally known.

In planning thesestati_ locatlor_ and their equipment, th_ approach ,.

varied considerablyfromthat us_ for scientific satelllte6 and that used for _

l

(
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• Lmmannedlunarand p_net_ry missionsbecauseof the dlffer_ce in mlsslo_.

_2 reau;,_,___..'.. Ihes_ differences includedthe rea*;_re_entfor dat,_flow and
_>_ • ,

_* r:" _ computat,:onSin near tea! time aswell _ g_eneed for missionffi_ht control

_. c_pabillty and, of course, a primary co_'_si._erationof astronautsafety. On

__ ._._ .._.ecu_ program,immediatetrackiL_gdata wasneeded to dete_.'ne

in_laily and then keep current the capsulepr_ent a_d predicted pmitien

.. for u_ein controlling c_itlca! eventsas well as for predicting po_ntlmo.direc-

tlom__,_r_-_tennasat ,_Ii the Network statiom. Aiso, real-tlme tnf-,_,_me_t!on

, _ t_mitt_d fromthe sl_cec_aft thra,_lh the.tele_netrysystem_as needed to:- manit_: tl_ei_y_iologic_l ccmd__tia_,of the astronautcmdthe operation of the

onboo_ systemsin the ccxpsu|e. I. order to transm'_the tracking |nformat|o_

-- .a_ to th_ compulin_ center c_t Gockklrd SpaceFlight Center faithfully, in as P,_ar

real time aspasslble_a groundca,_ic_, onsnetwo,k with extrm_ rella-

bility wasa primary _imment. Fromthela_mchand recoverystan_nt_,

, _._. the launcharea was, of course, fixed at _ Canaveral. An orbital "/n-

_}- eli,at|on wasdesiredwhich w.ouldplac_ the orl_tal rli_lht pathover ge,,erally

• _- _re inhabited a._as whichwould Ioc_t_ the recow-ry point after _hr_eorbits

_- in a highly instrumentedar_a available to deploymentof sea-borne i_covery

' fore_. Theseconslderatiomm_ulted in an inclination of some32.$ degrees "

wh;chplaced t_e reentry trajectory Overthe he_y instrumentationi_ the

continental Ur,ffc_lSta_esand the recoveryare-_in t_e down-rangeare_ of

' _ Conavera{. Having decided upon_ inclination an_ c_rmspondi_gIotmch

i

[
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•- azimuth, cne e_our initial gcals _I_ to tocate gro,jrvJstationsaroundthe Earth

, so that we co.ld view and =ontoct the capsulefive out o_every fiffee,1 minutes

., duringthe first three _,,bits. To _.,|ew how :he st_iom f,;tP,Iled specific n_ds,
: "4
:t

!et t,sconslde:the Project Mercury flight path in reloti_._to the net_¢_ _tations
!

i as_hownon th_ next slide. (Slide 2) After launch_frarnCape Ce_tcwenal,the

=_ _.-'_.__::curs_,_,erBerm,_io. A s_tion at Bermudaw_ requiredas an exl,_,l_ic_n "
=

o_CQpeCa_.averalto obtain trackingdata c_uringthe critical launch _OeH_od.;;_e_. _ :

Thesusta_nerengine _scut off, |.e., when ir_;_rtlon;nto Earthorbit occurs, t_

orderto ass,;_edata required to make t[_ critical go no-go decislon. In a_:litlon..

it cc_j_dtransmitcommands_'eq_red_'_uid minion a_,t and early mentn/b_ :_

"_cterminednecessary.

A sh}pv_ requlrM in the Atlc_ti_ Ocean t_ receive teter_,eiryand for -'

ground-alr-g_ound communicationsfromthe q_acecraftcmdto re_ayinfo..mot|on _ -

: _othe control c_'nt_r. :._=-

A trackTngstotlon wasplacedon the Grm_l Canary ISl._,_.dto [oco|i_._
m _

-
the touchdownpoint k,yradar observation in event of alx_Oc_l ee_y .._'s_ry _

•;F_u;c'imeriion not be eH_-tud. The_tatlons_t K_.._, N|geHa or_ art Zanzibar _ _-

__-
, on_theshipintheIndianOcean."_'_remquire_fc,communicat_or_and telemetry. ___

Thes__o|d coverat |east two of the ffrs_ _ee orbit:. ;_ - -

-' A t_ackincj an_ command capability was needed in W_t _u_trcl|ia to _,_

antipodal observatian f_r refim_ent _.Jbe spacec_ft orbit a_d to m'notely "_!_

resetth_ on-boardtimer, ff _es_ary_ _r inltt_ig1_ _t,,._-eock_-flring. -- _i_
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Thestationsat Woorr_ra,Australia:mclat Cont_ idandw_reneededfor

te|en_'try and comn_mications. In addlti,_n, the Woorne_ station could provide
!

trc_.king on the early passm.

, Hawaiiwasalsorequ.iredto trackandlave a _pabillty of o0mrnandlng

the rehofim_r h_ back up the Wmt Australi_ _ funct._on.

In evamtof mtroHmerfai!ureandimminentfailure of the --'_'t,ra_autto

initiate retrofiremanually,a statlonwith a commandcap_litywas required

at Point Argue|loon _nelq_::|FcMissileRang_sothatthls critical eventcould

be covered on the comp|Cnion of the seccx_ or third orbits. A similar station

" was _aClUiroc_at Guaymas, /Ae_ico f_r possible termlnat;un of the flight on the

first orl_t.

Andflr_lly stcCrlonsatWhlte Sands,CoypusChristi, andEglinAir ;on:-"
I

Basein FloridaWereutilized to maintaintrackingcontinuityafter retrofirei_._

: orderto localize the touchdm_pointduringthe plannedr_ntry, into theprimary

_ecove_ area in the Atla:_¢ O=ocm.

While an-attemptw,_.madeto meetthebasicfive-out-of-flfteen minute

c_nhacttime, theearth'_mmtio,,of 45 degreesonits axisduring_ od);tal
J _.'"

pathsrequired_._-taih¢z_xomisesto bem._lein thetotal numberandlocation

, of the stations. These ,,multed in gap: such as one of approximately 30 minutes

u, tho tld_ orbit.

: AnotherOfourgo_s wai _ use_luipmo_tof provetalk _llty _r the-

i Networkstattemwhereverfvclible. _ wisdom_ thls choice,we feel.0 wcls
.#

demomtrmedbytheexcellentsuccm4, of-_'_etraddng m,twc.kin the Mer_ry

program.Thenextslide (Slide3) illustratesth_equilxnantsInstalledat each -
, |
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station. All the Manned Space Flight Network stat;(wls, _cept White Sands

and E,_lin, were e_ylppe,J for telemetq, receptlo_ on the standard UHF {requGw,,,-

cies. Ger, eral systq_r__f this type hat been useJ extemiveiy in the past smf) *

the technique6 and ecIuipm_lt were well known.

All static_s were equipped "eittl t,ack;n_3 rodar_ wit_ the _-,xce@H_.,of

the two ships; the _ Af,;cc_ stations _ tlwDCanton _,.[andstat;m_. Two

types of radars were employed in the ne_.work for precision tracking- a l_g

r_-_e I_ _ operation at the S--Bar_Jc_J the FPS-;6 type opening, at C-Bar.d.
m

_hree ..ey tm_ng statiom were J_._.pped with bo[h typm to o[-/laln greater

relio_iity by I_lving c r_clum_an__dar trc_ing copabillty. At the tlm_ of

original network planning, on|y the S-Band type beacons I_,:d hod an extensive

flight history. Comequently it was fQ|t extremely impo_:_t to include thls i

system in cddltlon to the C-1_d tramponder required l_, co_lunctlm,with the

FPS-16 rack_. +Thus if one transponder failed, the alternat3 radar tracking

c_mplex could provide the COml_t_ with sufficient "_a to determlre the

capsule orbit.

The next slide (Slide _) pictures a typical FPS -16 radar i_tallatlun_

It has a I2-foot diameter parabolic _eflecter on_._w_. ,_|th _ 4-horn mmw_ulse

feed system. The characteristics am listed on the next slide (Slide 5). It

ol:erates in the frequent, _range of 5400 to 5900 mega_/clc_ Fer secom( wlth

a Pea_ power output of I me_qwatt. This radar pmvld_ n_mgedata with an
s

=¢_racy of the o_ter o_ 7 ye._lsat a d;st_ceup to 500 nautical mile_ with a

!
I
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:.. capsule beacon peak power of approximately 400 watts. The _-Band radar has
i"

• _ a IO-,eoot diameter dish and c-perates near 3000 megacycles.

-_. The next slide (Slide 61 illustrates on antennc installation typ;_l of

those used for signal acquisition as well as telemetry reception _ capsule

_ ccxnmunicmiom at each of the s;tm. it com'_;-sof _,--;_,-_-_yof 4 ..ke!:cai
: F

_ e|ements li_vir_j c go|n =f |B d5 ,:n the t_leme_,ry freguency rar_e of 22,5 t_ "

_ 260 megocycles. Two of these q_cl-_ellx arra}_ are arranged in height and

" space diversity through couplers which feed a set of preamplifiers to provide

_ the best slgnal. The antennas, coupler, _ preomp_are included in the

, _: an*_nap,,w:l_tolshownhere.

The Cape Canaveral telemetry site h_s in additlan a 60-foot diameter

parabolic antenna which provides 26-c1'Dgain _d is also used as o VI-IF commu--

, nic_om _nterma.

Four standard FM telemetry receivers are required at each site, two for

dive_ity and _wo ,Cardupl:catlon of these for rella_ility. IRIG st-,_nd_,dsuf_-

' _ carrier chcmnels 5_ 6, 7 and 12 are used with an effective receive, noise

bandwidth of 50 kilocycles. For demodulation, tFere are either 6 or 8 dlscrim-

" ' inators imtol|ed at each si_e with either a 90 or 15 channel decommutator.

In addition, all sites are orovlded with equipment for post--de._ection record-
t

Ing of all of the telerneter_cl data, and real-time presentation of selected

critical c_nels of telemetry information.
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The ground _tation and ship i_tr_mentot:on _or the command function also

utilized antenna4 similar to that _hown on this slide, in general, each station ---

has t_ree similar antennas: h=o for _Je_e_ry and voice reception, one of which
.. #

._ is used as c_ ocquisitlon aid, cmJ a thl_ antenna for command control and voice

t,_.;_;_ns ;n the 500-mc frequency mr,g_+ For the comm<_-_dfuncl;on, two

FRW-2 trammit.+ersare installed for redundancy, each having a pow_tr output --

of al_j_ 500 _,_t_. The signals am tano.,.m_ul_ed with up to 6 ton_. _[ter

receivers emddecoders are also installed for rocking a pe,._anent recording of

commandsignaling. +_ "

One of the mint cr;tlcai function the xvorld wide nehvork must perfnrm is

thc_of obtalnin_dataarKtmal,:inghlah-speednea_-real-Hme_nputatff'A_s. _ ._ ,

During a flight, the Pra_klng dat_ from the Mmmed Space Flight Network /+

statlo_ am sent via g,uund rx,mm.micatiom to the Goddard Space Flight Center _
:_i .

|n Greenbelt,/v_ryland, for p_ng. In _ moment l'il ,-etumto thesuNect i)

of 9r_u_d commun|¢_tiom. The c_elopment of an v_tenslve co_puter pragmm _.

wasre_i_,+dto handlei'._et,+acl,;ngdata_ to makecritical computationsfor *:_

theso--called"go orno-go" and+retrofire_d reef)try decision within m;lli- + :

secondsof m_ckln__easumments.At the GoddardComputingCentertwo IBM +_

7094computersare imtalled. Theseoperatein parallel to acceptpositiondat_

indigital form directly from the statlom and perform computatiom for each of _

the separate flight phases: the launch phase, the orblt=| phme, and the re-

cove_ phase. + .

-/g,
¢-

.

{ "
,_, ° °

_+_ +f&-*.I_Ce

m ......... # +_+._'+/+..:+_+_j_..... +,_,r.++._,_ _ . +.. +.++......... +.., +: _ ,,,+.........+, _,_-+++.+ : ,
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The Computing Centerat Goddard_:isohousmvari_s displaysand plot

boa_!presentationsForvisual indicatio_ of capsule location, velocity, and

s_,tusof ceataln critical capsulesystenrs. In the weeksprecedinga flight,

the C_m_putlngCenterwasemployedto conductmany mock flights using pre-

, pared tape data to simulate the operation of !he Network. A great _amillarlty 1,

with the useof the Network for missioncontrolwasachieved through practice

in/x_ndllr_ simulatedproblems. I might add_hat data :reinthe _stror_ut end

" florahis reactionswere not merelysimulatedE,jt he was _ctuolly placed in the

; information loop for tra:ning. "

: The iob of pmvldi_9 world-wlde ground c_..m.Jnicatiomto lirJ< the natwovk

" i stationsrequired an unusualamount_ _'_arefulengineeringcnciatt_tlo_ 'o assure

obtaining maximumreliability. T' communlcahonclrcuit_ for transmitting data

; on Project Mercury are indlcat_ ctcr;aily _ the next slide ($Wide7). The

, Goddard Space alight Center ac_ as _e mo_nc,_,_munlcationterminal for all
t

l.:r: :',_,_. T},r_x_hthisof the groundstationsin the _V_nnwJ Space _-li0h. "_ _ t

Center the stationsare linked to the Computing Center at Goddard_.ndthe

,_^ercuryControl Center at Cape Canave,_i. G_oundcommunications,con-

si_tlng mainly of leased cammerclal circuits; include |_10,000miles of teletype

; _:ircults, 35,000 miles of telephone lines, and 5,000 miles of hlgh-speeddata

: circuits. Several of the linkswere d_plicated via differe_t routesfor rella-
t

bility. Except for launch phasedata, the volumeof data fromthe network

statlonsrequired the use of 60-word-per-minute teletype circuits aroundthe

, i
!

_:4' .

- I
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world. This low rate wasp,_-.!_!e mlough useof a techn;q_e which I will

describe later that involves send{ngsummon/messagesfromthe ,'emotestations.

Voice ccr.._municatlonswffh all _e n_t_ork stationswere controlled fromthe

Mercurt Control Center and the G_Jdard SpaceFlight C_,ter.

Next we wli! considerin retrospectthe cha_-j_smadetn the Manned Space

Flight ,Networkfor groundsupportof the 6-o_..'t missionof Schirraand the

22--orbit missionof Cooper. The requirementsandsupportfor these missions

were unalyzed but this Hmewith _heexperiencegained on prior operate,ion of
r

the network. We had learned tha_we could re!ax the requffe_.nentfor an

average contact of five minutesout of every fifteen minutesof flight to as

little as onecontact per orbit for someort_ts for the following reasons: first,

• !becausethe networkhaddemonstrated'hat an orbit could be determinedwith

goodaccuracywithdatafromthefirstorbit;andsecond,theflightexperience

o_the,stronoutsdispelledoppr_nslv_essaboutphysico!ccnditlonandre-

spomivenesswhen subjectedto launchacceleratio_ weightlessnessand other

c_nciitlomof spa_ flight that differ fromthe normal environmento_man°

Also, there wasno questionthat the astronautcould piay an importantroia (_

in contmliing and increasingthe reliability of the spacecraftsystem. Thus

there wasa decreasein the rate at which contactswere requi_x_to at least

one contact per orbit, and it wasd_ermined that the existing sixteen network

stationscould meetthe requiremon_sof the longerduration missiomprovided

the two shipswere iudiclously relocated and a commandcapability wasadded

to the secondship.

[]
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" For the 6--orb_tmissionshownon the next slide (Slide 8), the indlar.,

" Ocean ship wasmovedwmtward to a location neare, SouthAft-lea. A ship
_r

:a.-: was.noIonger.!._y_tedin the AtJ_licOcean But one was '_taticn_ in _-ke F' Pacific nec,r the Phi_ipplneIslandsasshown. Thls shipwas c,i_'.,rocN|r_ _o

have the cur_billty of tr_mmitting commandsto initiate the retroF.rese,_uence

"5
% if necessary. For Ceoper's 22-o_ff 34-hour mid|on, a shlp ",:_ not placed

'_ nea_SouthAfrica. insteada shlp wasstot.ionedin the Sou_.hPacific as shcwn. _----.

_ Later I will showresultingtelemetry contuct time abram.nedwith th|s latter

" _ Network configuration. ;

• _- '_ 0 resultof the Mercury program'sco_tlnuedneed for both a daylight

"_: launchand a daylight recovery, the 6-.orblt and 22-orbit m_:om hadto have

_ a _lannedrecoveryarea in the Pacific near Midway l=lanc;. However, these

, _ missionscouldhave been terminated on orbits 1, 2, 3, or 16arK!still have (_ "

;_: daylig_t recoverybecausethe Atlantic are_ wasalsomaintained. Asmentioned

_ previously, it is necessarythat a station be in sight ef the c(;_ule |n the critical

"_2_ area whereretrofire is plannedto take p!aee. Thestation ¢r,n thus cc_mmunicate

_" with the astronautonc:initiate last minute grey.rodcommendsif necessary. The

* _ ship located northeast_f the Philippinesmet these requirements.

!_ With this brief review of the characteristicsand physl,_! arrcmrgement
L'

' _'_ of the MannedSpace Flight Network, I would li_e to dlscussit_ actual use
',3

in performingmiss;oncontrol, As indicated earlier, a missionwa_generally

divided, in termsof the specific emphasisto whl=h the entire data outputof
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: tk,, network _as directed, into three phons, namely, (i) the iaunch phase ..,

;nciud;ng the act_a| go-no-go decision a_ imerticn into orbit. (2) the on- erblt

phase, and (3) the reentry _nd recovery p_se. . -
!

During the launch ph_e, there are a numberof factorsof paramount

- consideration for mhslor controh [he operution of the boostervehicle, ti_e

: ia_mchtr_iectory, the cut-off velocity predicHon;and the po6s;blerequh_e-

ment for early missionabort and su_ec_,ent ¢:str_nautrecover)-. Eachof these

:_, factorshasspecial needswh;ch hadto be matched_v the network programfe_

tracking and computing. Accurateand po,;tive tracking of the vehlc!e chsfing
L

the entire launch to insertion trajectory is mandatory. During the,launch p_e_

data isobtnlned fromthree t_acklng fQcil;tles in the Cape area. Theseare the _ '

FPS-16radar, _e Azusa tracking system, and the launch vehicle radio guidance _

tracking system. Data fromthe_ethree t_cklng systemsare ¢mwerted at the .

sourceFromanalogto digital format a rate of approximately10measurements

per secondof Azimuth, elevation and range. Thesedata are transmitted in
j$ J

real time to GoddardSpace Flight Center and f_ into two IBM 7090 _omputers

that operate in parallel to performcomputationsfor the critical go-no-go decision. ,

Simultaneously,these computarscontinuously pcedict the impa_t point _of the

capsulehad there beena requirementfor abort of the m!sslonat any time during

the launch phase. Computeroutputsdrive var;ou_ rIottlngboQrdpresentati ms,
x_

including a specific presentation _r the go-no-_ dec;slon and for the predicted

impact Iocut;om. Throughoutthe entire missionthese compute;rsgcn_,_atepointing "
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informationfor a|l the groundtracking stationsto allow rapid acquisitionof

' the capsulefransmlss;onsas it appearsover the local bodzon. Since the orbital

' insertionof the Mercury capsulehasto take place at a relatively low eiecat;on

angle fromthe Cape tr_cklng equipments,andsince tracking from the Bermuda
t

station is extremely important, redundantradarswere installed at thisstation.

in addition to the _cking ;r,formati,._ trammitted to th_ Go,4dardSpace Flight

Center computersfor the main computation,a 709 type computeron Bermuda

permitedthe vital go-no-go decision to be madeby this stationshoulddifficult-

ies with commu_icatlonsto the Cape hove been encounteredat this critical time.

Thenext slide (Slide 9) showsthe computedparametersrequired for

determining the go-no-go dec_slc.';. _light path tingle, designuted_._gnmma,

is plotted vertically. Gammais the angle between:the norm.qlto the local

vertical and the spacecraftvelocity vecior, or _tated anotherway, gamma

; ;3 very nearly the angle betw_e._the currentdirection of flis;ht urider thrust

and the direction of flight were the spacecraft i_ circular orbit. On the

' horizontal scale velochy ratio V over Vr is pioffed, whore V is the velocity

; measu_d by the tracking network rind Vr is the velocity, ._re_jiredto ach;_eve

• circular orbital conditionsat a give, altitude. The trace_ of course, is

actu,-_li) continuous, however, it is p_otte_;n three segl,ents, each of which
J

usesdifferent scale units both in the vertical and horizontal to emphasize

certain critical portionsof the iat,nch trajectory, which ac_:,ui:t; for the

seemingdiscontinuity. The par_mters at flight path angle and velocity
I
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ratio taken ira)toaccount by this chart are directly indicative of whether the
¢,

j.

_ conditiom for _atisfactory imertlen are being met during the launch phase.

The shaded area represents the I".mits of variati_ of these particular par-

ameters within which o satisfactory orbital insertion can be achieved If

the trace ends inside the shaded area a satisfactory insertion is indico_ed.

i_ If it terminates to the left of the area the spacecraft would _,ot have achiew-ci

enougf) velocity to complele one orbit. To the right, a problem could be

expected with huating during reent_,. '

Piotboards were u__-_to present thi_ critical d,_ta at Goddard Computing
T"

Center and at the Mcr_ury Contrc' Center at the Cape. The Mi_i_n_ Director , -

at the Cape required information as early as po_'sible in advance of impending

flight difficulties. This type of plotbourd presentation ;n a manner of speaking

: tells wha; the computers "know" as they continue to recommend o "go" decision

for the launch phase. This _Hde (Slide 10) shows the four plot-boards installed

at Goddard. During the launch phase the go-no-go plot is normall/presented

in duplicate on the two center boards while the remaining boards are uswJ for

other selected plots. What is presented o_ the charts may be =e!c,cled (Slide 1i)

cstthe console shown here in the foreground so a_ to best match the needs _;or
![

-- mission control during each phase of the flight. The Mercur/Control Center

at Cape Canaveral shown on the next slide (._llde 12) also made use of the

Goddard Computing Center data to f,,ed the sirnliar plot-boards shown here "

to the right nf the _creen. I. c_ddltto., duri_.g the launch phase telemetry
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_.'_- inform_L_onon the condition of ti_eastronaut _nd ,'.ap'sulesystemswas trothS- '=
_%_"
_B- mined to the Co_trol Center for o_servcrtionby the flight controllers at the

_;-_-_ consolesshownin the cente_of t,r,ccontrol room.

_:_ The N_'_'._orktracking supportfor the launch phasewasnot considered

_=_:;_._ " cc_rn.pieteuntil the _lx_cecraffveioclty vector wasdeten_inedat insertionand

_:_ until the initial orSital elementswere calculated and transmittedto the Mission

_':_ Control Center. Once the cc_'u;_ wassatisfactorily inserted|n orbit, the prin'_ry

" _k_._ task of the N_twork _ecamethat of acqu!ring telemetry and voice data

-- _';. hordunittlngit to the MissionDirector so that he couldmonitor aeromedical

informationcmthe astronautand statusdata on the ca_u_, system. The

, _:_. astronaut'sL;oodpressure,bodytemp_ture, and electrocardiographdata

_ were examplesof cHti_! oeromedicaldate. information about the capsule's
_ systemswhich h,-_ to be known included readingson .theamountof hydrogen _

_!" _ peroxide fuel mmgMing, oxyg_ pn_ure, vaHau__t temperatures

"_"_--i' and othersimilar parameter. To fulfill theseneedsfor e_chMercury flight

_-_ _heNetwork hed to acquire and reCon_ on magneti_ tale a total _f apf,_ox-

_:-_ I tmately 90 ,-.h,mnels of telemetrydata each time the spacecraftpassedwithinsight of a Network station°

The Network a_soprovidedcom_nlcatlom circuits, a_d_ownin an -;_

earlier slide, to hansm|t to the Mbston D|r_'tor the information ._erequired

to dlr_t succe_fuliy a mannedMe_ spaceflight. To achi_/e reliable

wo=[d-wlde_ication circuits, the Network was llmitad to the useo_

60 words-per-_nim_teteletype links to stationsremotef_0mthe U. S_ Th_

I
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limltaH_ of this commun,cation copabilffy requlred_howe,_er,h_t a specially _ m,

Z tro;:,ed._eomof misiionpersonnelbe located at the Network stat;c_ to a_cc_'npllsh

_ severaltasks: _"_ to talk to the astronautand to monitorand interpret telemetry _-

;nfor,nationdirectly, _) to compose_._nclsesummarymessages6a'ed or_voice "

__ andtek_rnetryinfomiotion _nd (c) _osendthe summarymessag_to _ Mis._ic_

_ Directorfor decision. A seJectionof nppro_Jmately30 ci_._nfft|es_ te|e_etry

_ data of m,_jorimportancewere displayedat c_nsol_s_ _eel-__._ t._ Network

stations,and_ the consolesat the Memory Control Center. Duringa mission,_e _,

flight controllers-,as they were called, were _h_a_eclat the. comole_ to talk to _ i_

the astronc_ andto observethe tele_r.ete:_dinf_m_ationfor malfunc_c_s. A

doctorsat at the aeromed|_alo0mole andu_,_l!yanotherastronau__,at at the _

capsuiecome,unicot;onscon_ole. In addition, o cc.-m_.nlcatlomtechnlclen wo; _i_

alsopresentoi'(_agwL'_,other technicul experts. _.

Thisnexvslide,(Slide !3) illustratesa vlev_ imide the d_rtlon on the G_md

Canaries. Theflight caatmllers slt airthe como|esin _'._ i:ackgrcund. Th:s_ _

ch_e-up view _ the _xt slide (Slide 14) showsthe;_mtrum_tat_on at a "_

typical remotesite for the aemmedlcalcomule, the _suJe c(w,rr_tlon

consoleandthe _e observerconsole. ]'hi; :ration mayhave Leer, fore- r_"

warnedqf the immediateneed for specialdata _sh as suit _empemlum. This _

type of data and other irr,p_rtant Information; Including trm_ in madlng_ ._,_

'" suchas inverter tempe_h_re chapel, w_re sent Immediately to the/d_rcury " y

ControlCenter via v_c_ or teletype. Normally, howev_, a mr_m_@report _ "

q
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consistingof a compilation of t_e reportsfromeach oFth_ flight ilontrollert

• wastranir_Itted to tho Cape after ecch pcm. Establishedproceduresrequired

that the flight controllersrefrain hornall action indicated necms_ryuntil

imtructiOm were received fromMercury Control. Reliability in Network
t

communlcatlomthusrequired extremeattention becausethe m._rollauti' i_lllety

could havebeen fatally dependentUlxin ef[ective real-tlme communicat;om.

During the orbital phasethe Mission i)|rector also had to know the
t

precise positionof the spacecraft at all timessoas_ carry on the flight

programand makedecisions conceming the time ondplace for reentry. Tnick-

ir_gwas acr.ompil/hedby the station radarsoperating in the btt_on mode. When

the capsulewasin sightof a station, a set of measurmnent_of <Izlmuth, elevation,

and n-,ige were madeonce every 6 secondl imtead of 10_ of measu_.mlonllFer

secondas requireddudng the launch phase. Orbital tracking data wasalsot

timlimlttltd via teletype to the GoddardComputingCenter in near real tlme

as the cat_le passedeach iuccemive station. The Conlx#ing Center then

up-dated iti orbital elllments, siriting with theinterlm elementsdetermined

fromdata obiaimid during the fin_ passover Bermuda.LTheCenter i.'l him

• computedand provided pointing data to the I_letworkItatiom not yet reached

by the ccipluleuntil the completionof the flight.

, ' In order to terminate the (xrbitol phme of the mlsslenwith a latiif+-,ctory

i reenttryaid m,i_ery of the lie arid its occupant, the pre_.lsetime for

r'jtmfire hadt_ be computeddu.dngthe orbitoi pha_ before the ,ectmary
I

- - clxnmal_ -_lilI,Jbe trciemltted to the c,_lule. In addition, tracking of the
i

l

, 1

![_2_2_ 2_..... .,,i)._._.__._ "-2 " " ._" "2 -+."+'i_>i _.,ltJ_'ll_.ll_&'%wltt_lil_llilli_._ti._',l _%t:_.-.':,,,.'"t,.'-",".'-.,.. ._#li,_" ,_*ii_s,14.r..,,lv .=-.a'+___

, ' I! I
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reentry trc_ectorywm requiredsothat the p.,-_clselanding area coulclbe

prcdlctedas closely as _ible. The Network ac_l;;._ed the retro timing
4

requlm_n_;tby com*_r,lngorbital camput_rlomwffh ¢,programof c_rve-A_t_g

of predicted_ntry trajectory ___m_Tv_iorsto computethe tl_ ._ ;nirlate

retrofire SqKlUenC_.The entire _mflm sequ&.cewai accomp!!shedeither

manually, by verbal contact through Network c_0mmunic_ti_ with the

astronaut, or automatically by N_ork gmu_-I command. The _rnmancls

would preseta clock in the _x.u!e whlch triggered the _r_uen.:e. V_len up-

dating of the od)italelement_affected timing ¢=mputatio_s, ;_ _lock _

timing w_ reseton the next #_tion p_ affording the opportunity. Had there
#

bmmQf_|ure In the retro-flmer, flrir_ of retm-rodc_ wasp_Ilble by direct

commandfromthe _ _-'_td_m.

Trackingduring reenttyf_r re¢ovl_y in _,_ Atlantic Ocean was accom-

plrshed_ the first three e,_oitswith .,i_lvely full radarcover_,; ,_v. fded

by the Network _tatlomacro_themuthem portion of the U. S. For retry

_nthe Mic_=y area_ the Depa_ Defeme p._.; _,_. ,......--,_'.._. ,k:p.t_

accomplishreentrytm_klng i_,the Facif;¢ recovery am_. I_a ;,,-,mtl,_

sl_iom were _rc_mitt_ in near r.ml-tiN to the _i,g Center _ we_

usedconflm,ouslyto ratine Ll_ei_t_ct point predictionsand ddve the piot-

boa_ at the Centers. Wlth _ predictiom, the MI_|_ Director Could-.

aciv;sethe mc_very t_mmof the I:_edl.ctedImpact location to an _mcy of ,,

_eveml mil_.
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• _ Now that we have describedl_nv +he Network was utilized duringthe
c

actual missions, the logical quutlon i_ howwell did the Network perform

_ during t_se flights?

' _ This,,_xt sl;do (Slide 15) summadz_ the actual performanceobtained

wlth the MarmedSpaceFlight Network for the Me,cur/p_0gram. Someo_you
%

: can recall seve_ yearsago howunduly optimistic these _gureswould have

_ appearedfor predicted perforrr_mceof the Manned SpaceFlight Network. In

comider;ng perfomKmceasa whole, one can say the Network performedone-.

ar_- a-half to two timesb,_er than originally antlclpate_, ff shouldbe noted" .._ that the "Network Comm_iccdtom"and "ComputerReliability" pe.,fommnces

! shownon this slide were achievedpartly due to the useof I:_ckupfacilitle_

_-_viously mentioned. Now I would Ilke to discussf0_efly the orbit compu-

toflom and teh.r.#ry data acquisition perfonm_nce.

_. The performanceof l_ ;'_twork in tem_ of itsaccuracy m determining

• _ od_ltswo_a _.lmlmemureof its usefuln,'.miri _,',_rformingmissioncontrol. The

• rm_tch,,.-,,_,r,ding t,_._,which the Network computershodw_ that of ost_ltshir_

• on initial o_t w;.._,sufficient accuracy for a go no.go decision using(_.-_-.

ot_toinedonly from tracking equlpmmlsin the Cape a--._ andthe down-range

, stolon at Bermuda. The rmxt dide {_!;,;e 16)shows, for each orbital flight,

." howc._,ogeeon_ perigee, c-aiml_ted only _ t_,e balls e_ data from its first, _ passov_ I_rmuda, cxx,lx_mclwith tl_ apooeeand perigee thin wa_wlculated

half od_itk_er. In t_eey casethere hasbeen ies__.%anI,_% _onge. Here the

J
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effectlvemeti of radarra(xtirement for trajectory computatlomwasdemomt_lt_d m

andprovidedthe cliurance we were looking for in its uio particularly for the

Icier dumtlcmmilliom with decrealed cove,age.

It is lntermtino *_ note that whmi calculating the retro_tmer clock

setting for the MA-9 mlulon for palslble reentryafter three orbits, them wa_

, a difference of only 2 to 3 secondl tx_eml th_ settingobia'imldusing tint

p_ cklfa Forc_iom and that includlng H'll Woomeradata. Thll differ-

encewould blt equivalent to an lmpc_t predi_tlon errorof 12hi 18mllm. _

Themain facti_.iio.trtEutlng to i_ac_umcy of the final rmulti in orbital ,

colculatiom h._--e_ geodetic un_lntll and _te lack of a coe_, -ell- .:.

knowndatumfor the trilddng radars. Knowledgeof throe uncertaintim have _ ]; -

improvedsince the initial Jolil Glmn. flight and the accuracyof the Manned }

SpaceFlight Not_od¢ orbital detemllnatiom hi improvedconcurrently to the i_ •

point wheresporAl_mftpelltlcm in spacecan be determinedto the order of 200

#

to 300 yards. 3 -

Pe__ of the Network with r_ to its telemetry function could -_-
l •

alsobe delcribed as excellmlt. In fact, during the entire Mlrcury imtgmm, :--_

them were no telemetry _ fclllurm, lolatively goodtlllemeti_ e_veragi was _ __

providedfor the fhit three orbits, lllis performanc!lwcls,of coune, duplicated _

for orbltl 16, 17and 18..Ul_lly o slgnal woi ocqulmd ell the calxule approached ;;
L

hi apflroxlmmelyore dcgrliebelow i_ line of sigEt view fromcts_ion. Co_- _;

ibratlon of the telimlltly dcia wcuacc_pIilh_ both befiim mid during _ t_i

flight, mid i m no uneltl_id diffl_ultlil in lhll _lllxutlml or oocur_y __
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of recorJed data. This next slide (Slide 17)showsin bar graphform the total

telemetry,recordingtime accurm;latedfor each of the orb_ in the Cooperflight.

The n'_bers abovethe barsindicate how manystationsrecordedduring each

: orbit. As you _._nobserve, the desiredNetwork capabil;.*-fof contacting the

capsuleat |ec_tonce per o_b|t .-.'asachieved.

: Todd/I havetried t_lmpart to you a feeling of what wasinvolved in

i achievlr_j the leve! of technical supportjustdescribed. In mnu_ry, the Manned

SpaceF|ight Network involved extremely careful and detailed planning by a

single NASA groupfamiliar not only with tracking anddata acquisition

" facilities but alsowith the missioncharacteristicsand the requlremen*tsfor

operatlona[ control. F_,rtherit involved very comerv_ive equipmentdesign.

it llterally involved monthsof flight simuic,,ons It involved very care_l

maintenance and control of changepracedurm. tt involved the development

of unique opemtlonal techniqum. It ir_oivud continuousm_0!toring of the
V

commun|cat;onlines betweenthe stationsto ensurereliable operat!on. And

lastely, it involved continues traihing and crms-traIning of the pa_onnel

at each of the stationsto .fevebopa high level of operatorcompetence.

Wlth these factors in mind _ would/i_(e to concludewith a word about

, the Network changesor, perhalx moredescriptively, th,, Network augmen-

tatiom plannedandunderwayfor supportof the _jpcomlngGemini program.

As you k, uw, Gemini will fly two men for extended period, up to

, several weeks, anddemonstraterendezvoustechn!.ques_hroughuseof a

separatelylaunched Agenaspacecraft. Fromthe experie._cegained on vhe

8

_J

i,%1_

1g65005896-051



xxiIi-21-

Mercuryprogram,the _ice of Tracking and Data Acquisitlall beganplclming

early for the groundsupportof Gemini using the following guldellnm: (a), we

wouldmake maximumpra_ical ule of ,mddlngNetwork facilltlu to utilize

these proven_iystemsand to Iowe, the costsfor devel_t and qualtfi_ltion

of the groundimtrumentatlon, _ (bit w_lwould augmentthe Network for

Gemlni at a mlnlmli_l numberof ltaitom uslng a buildlng block approachso

that the cost of expamlon to m_et future mqulremenl_could in turn also be

minimized.

._.__ are four gentlrai typesof rlilulrementi (Slide 18) for Gemini which
%

were different from_ry progrcln, therebydiff_-tft..tating what is neeci_
- Ir

for missloncontrol of Gemini fromthat which the Network 1 411_y capable

of providlngT Thesenew requirementsare showntMtre.

To fa_.illtate th._accompliihment of rendezvousof the Titan II launched
c

mannedGemini _=piule with a previously laun_Hid led Agena _elflst,

orbital changesare required bothas a resultof a varlabls launch azimuth and

• maneuveriaffecting orbital elemenls. The launch azimuth may be set at the

time of launch anywhere between76° and 106°, depending on computatiom

involving tlme-of-laur_h relatiomhip with the Agena oibital vehicle. The

mlulon requirement for a variable launchazimuth will be sled by thtt

addliion of only c_e new Netwn,k station being inltalled tn _orthwelt Jultmlla.

Thisstation will replacethe Auitrallon i'iatlom both.,it Woameraand Muchea

becauseof Its blttilr Io_tlc!n In mlatlil to the Get.hi flight path near the

antipoclal pointsfor the flrit few orbits.

I
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,-_. With the Agenospacecraftand ;he Gemlnl spoe_cmft in orbit, simulta-

_ neoustracking, data acquisition, cmd_ will be rer4ulred. Thisnext

i!" slide (Slide 19)sho_show existing Network factlitiec a,e belr_ ._gmented to

• supportthe Gemini program, All of the stotlom whlch'l_,:ve supportM the
I

-" Mercury program are listed pits the new stationat Carnalvon. Woomeraand

_,:._:° Muchea are omitted. Eight locations will be _eav|ly imtrumented to serveas

t_ "prinmry" stations. The additionei _luipment now going into the primary

_. stationsconsistsof new PCM type telemetry equipmentand c_ugmontatlonof the

-_" existingtone commandsystemwlth a digitally coded c_:_,_qd capability. The
t.

, Ni,_" secxmd(_y5._tlomwill compleme_ the Network by pmvidlr_ additional track-

a
_:. ing and cx_mmunlcatloncoverage.

'_ The primarystation locationsore shownhe,'e (Slide 20) in relation to the

' _il_- maximuminclination angle picturedfor Gemini as represemedE_ythe shaded
_:_-

i i :: bandbetween+ 34° latitude. As youmay recall, the inclination for each of

,..._. the Mercury i_ts was fixed at approximately32.5°.

,. ' _, The two shipsplannedhere will be the serneshipswhich were usedh_r
_,_'_.,

. _;.- Mercury.

: _.. To handle the larger amountof telemetry data needed for missioncontrol,

the eight primary statiam will use PCM telemetry equipment;n_ead of FM as

usedfor Mercury. PCM telemetry, or digital telemetry as l_'sometimes_s

called, isrequiredfor sm'eral reasons.

, ;. (a) It will match the spacecraft teiemetry Imtrumontatlon. Much of

: the on-board data ls of on "either-or" nature which is most

_"_ efficiently handled in -_digital format.

I
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po) PC_ telemetry _ffers moretlexibility in the handlingof large

: quantities o_data crocii_ more adaptJble to automatic data

pmcesslngwhich will be necessaryfor Gemini. *+

': Ground communicationsamongthe stationswill continue to be IimDed in

: somecasesto 60 ward-per-minute tei_type and the technique of sendingsummary +

messageswill again be required. However, unlike the Mercury procedures_PCM +

*++ telemetry will e_ble the mr_sioncontrollers at Network stationsto usea high

degreeof automaton in processingsummarymessagmto free their time for

observationof data as the spacecraft lx_mesoverhead. And finally, _e needof +

the projec_t_r spacecraft in-orblt control and commandwill place new require-

m_,_.._, o++the up-data link and _round cmmmunicatlaels. ,

Central control of Gemini otoemt;.ons,including the Agena o_entation _

propulii_n moneu_+,ers,will be initiated fromthe IMCC (Inte,f_+_redMission ;

Control Center) at Hc>ueton,Texa_by groundt_ommand. +, -'
"+t

#'i +i_ •To perfo.,the commandfunction _'_ _._ ;retailing a new digital commard

systemwhich will useexisting FRW-2 transmittersmM will receive, storearml

transmitbothreal-time andstoredcommanddatQ t,_the two spacecraft. Part

of the ce+mmandfunction will be the transmissionof data for the on-board

veloclmeter and of courseto up-ok=rethe timing of critical orientation and /

propulsionfunct_om. The digital commandsystemwill also serve asa back-

up boostphasequidonce link if required.

- _[
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Insummary,whi!ecertainoquipmentougmenta:ic,-_wlllbe eff_.-t_.

' manyo{ the techniqueslearnedduring the Mercur/program, particularly "

termsof p_cedures requlmdto assurepo_itlve Network support,w"

utilized in Gemini am_in thiswax, an ever-increasing _ .ound of know-

howwill _ ovailable for the extremelycomply _ which wi|t be

/..;countereclin the mannedhmar ! _ram shortly to _ uponus.

I
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A REVIEW OF .P_WI,EDGE ACQUIRED FROE

THE FIRST MAh_ED c_TELL1T_. Pi_OG_AH

b - _"

Chrlstopher C. Kraft, Jr,

NASA Manned Space_.r_ftCenter

S_NOPSI_
C

_th t_e ¢o_pletio=_ of the Mercury prosrJz=, =_¢!_¢e has g_iued ¢oustd=

,-.rsLl_- _ew kn,owled_e about _pa_. It, more :hen 52 hour5 of manned Ll.tsht.
J

the :nformation _rought be¢_ has ¢hsnged _y idea= abo_t _p_c De-

_ou problem occupi_ the first end major port,on of =he Mercur_ pro_x_.

The heat _h_._._,the shape of t.,_Hercury spacecraft, the 8_acecraft _'_tem_, __

,_ _nd t|'_ recovery dev:Lces were developed. Flight operacio_ proc.--.dures were

orSani_ed and developed and a tr_/nin8 program, for both sroun_ and flisht ':_ "

cr_ followed. Sclentifi_:experlme_ts were pl_u_.edwith man in the loop. _- "_

_h_-_. _uclu_ed _hotography, ezt_a spacc_.raft ex_erim_ts, and observati_n.

or self-,_.rfor_n£ types of expe_m_t_.

But the real knowledge of Mercut_ lies in the ¢ban_ of the bestc phi-

losophy of the program. At the be_i_ntns, the capablltties of man were not

known, _o the syst_s n_! to be designed ._ofunction _uto_stically. _ut

i with the a_ditlon of man to tee loop, this philosophy ¢_r._,-!__aOde&_== _-

!
! stuce pri_try success of the mission dep_.nded on man baekin8 up a_:___ti_

l - |equ£_t that could f_il,

;" .:.

-2 :
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ZNI;F.Ot)UCI_ION

• ,

As the first manned space f!Igh _.project of the U_ed States, Project

Merrury in £c_ various aspects has beeal discussed in great detail by almost

a_'.!me.bees of the project. The purpose of my dtscusslon today vi!t not be I

to repeat the technicai "_""_--_.a._oof P_-oj_ct Me_cucy, but co ouLii-_ and dis-

cuss some of the _ignifica_t contribution _ th_ prcgr_sn has made to Lhe area _..

of space tecbmclogy.

, It is impcrtant to note that 52 hour_ of manned orbital flight, pnd

' less rh.__ f!=:_hours _f unmanned orbital flight by the Mercury spacecraft

have produced a large book of new knowledge. The hours spe_t on the ground f--

development a:Id tratni,,_, the preparations for flights, and the baliisLic

flights cannot be calcula>_|, but it contributed heavil_ to the knowledge

we ultimately gain,ed _n space flight.
t

The three basic aims of Project Mercury were accomplished less than

five years fron the start of the program. The f!r-,t U.S. manned space

flight program ',4asdesired to (1) put a man inr.o earth orblt (2,% eb_.erve

his reactions to the space enviror_m-ent told (3) bring him back to earth

q

safaly st a point where he could be readily recovered. All o_ these ob-

Jectives have been _ccoz%olished, _d tome have produced more information

' than -wo._ected. to re_:ei_e from conduce_lag £be experiment.

The %_oI_ M_r_t_ry p_cj-=_-.:[_.}" be considered an exT_eriment, in a certain

; ' &:_se. We were test_n_ "h_.._ ability _'¢_a man end machine ro perform in a _..---- _

trolled_ but z_,t _ " _'"com_.e_., a known e_v_ :_-_:ment. •

The control, o_ _rae, r=_ne from the leunch vehicle used and the sp_ce- r--

, cr_ft systems includ,_d in _h= vehicle, ._drheu&h we knew the g_eral conditions i

[

f

i
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of space at Atl6s insertion altitudes, we did not _now how tne specific

=_ envJronmeu,t would Bffect the spacecraft and man. Such conditions as vacuum,

weightlv-.o:_s_, bea_, cold, a_M r=_e_n, were que_tion .-parkson the number

j scale. Th_..r__wece also many extraneous unknowns which would not affect the

2
_mmedl_._e mission but would have to be -.onsidered in future fllshts. Such

_h_n_c _, v_h_lltv of ob_ec=s_ the airglow layer, observation of ground

---; li@hts and landmarks, and atmospheric drag effects were important for future

reference.

The program had to start with a series of design experiments. We had

q •little criteria for the space vehicle. If we could find that a certain type

of heat shield could make a successful reentry and a certain shape of space- •

craft, we would have the basis for further design of systems. , _

A series of flight tests and wind tunnel tests were conducted to get

t:,ea,,swers to s:rme of the basic qrestlons. First, wDuld the ab'.ation prln-

eiple work in our application? Could we conduct haat away from the s_ace-

craft body by melting the f._berglass and re_in material? How thick would the •

shla!d hava to be rot our particular condition.s? What temg.erat_res would he

enco_intered and for w%at time period would they exist? Early wind tunnel

tests proved in theory that the saucer shaped shield would pr,_t_ct the rest

of the spacecraft from heat damage. The flight test on the heat shield must

prove the theory. In Febm*ary ].961 we made a baliistic flight in which the

spacecraf: reentered at a sharper angle than programmed and the heat shieL _-

was _ub_ected to greater than normal heating. The test proved the heat

shield material to be mere than adequate.

The Mercury spacecraft did not start -with ,.he familiar beli shape. It

went _hough s series of design ch_unges and wi_d tuDnel tests 5eforc the optimum

--j

I
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shape was chosen. The blunt =I:=F= hag proven best for the nose cone reentry.

Its only drawback wab the lack of stability. W_ nemt tried the cone shap_g
b
m,

spacecraft, but wind tunnel testing p Cvea that heating on the a£terbody

would be too severe, eiLhough the craft was very stable _ _==_.7. After

two more trial shapes, the blunt bottom =yliL_der en a cor.e shape came into

. being. It was a complete cycle from the early concepts _ laar.nedspacecraft,

but it wa: only the first _ a series o_ changes in our way of think£_g of

the flight p_ogr_m_ and it_ elelr_ents.

A semon_ part of design philosophy thinking came in connection with the

use of aircraf_ equipment in a spacecraft. We had stated at the start of the

program that _ereury would use as much as possible the existing technology

_nd off-the-_helf it.s in the design of the matured spacecraft_ But in many

cases, off-_he-shelf equipmect would just not do the job. Systems in space

are exposed to comdl_ions that do not exist for ai_craf_ within the envelope

of the atmosphere. Near _bsolute vacu_m, weightlessness and extremes of

temperatures makes equipment react differently than it does in aircraft. We

had to _e_t equipment in advance in the envirohment ",,which it was going to

be used. It produced an altered concept in constructing and testing a space-

craft. Althou'_, aircraft ph_losophy could _)_ ad_pt_a, ir many cases, alrcraft

, parts could not perform, in a spacecraft.

The third part of the design philosopl,_, and perhaps the mos_ important

M

one in regard to future systems is the autora_tic systems contained in the

Mercury spacecraft. When the projec_ started, we had no definitive Infor-

mation on how man would react in the _pacecraft system. To insure that we

, returned the spacecraft to earth as planned, the critical functions would

flu i
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have tc be _utomatic. The control system would keep the spacecraft s_s',_1-

liz._d at precisely thirty four degrees above the horizontal. The retro-

rockets would he fired by an automatic sequence under a programmed or ground '

;4.

command. The drogue and main parachutes would deploy when a barostat inside

the spacecraft _ndicated that the correc_ altitudes had been reached. The

Mercury vehicle was a highly automatic svsten and the :nan essentlaiiy was

riding along as a pass;roger, an ob_ervec. At all costs, we had to make ,,ure

that the systems worked.

But we have been able i:o take advar;tage of man's capability in space.

It started from the first manned orbital flights. When some cf the thrusters

became inoperative on John Glenn's flight, he was able to assume ma,%ual con-

trol of the spacecraft in order to fly the full three orbits planned in the " .__

mission. When a signal on the ground indicated the heat shield had deployed,

Glenn bypassed certain parts o_ the retroseq_ence manually and retained the

retropack aftez it had fired. In this way, he insured that the heat _h_eld

would stay in place during reentry and the spacecraft would not be destroyed

by excessive heating. When oscillations built up during reentry, Glenn utl-

lized his manual capability to provide damping using both the manual and fly-

by-wire thrusters. The pilot's role in manned spacc flight was assuming a

more important aspect.

Car_e,_te_'s flight again emphasized the ability of the pilot to control

the spacecraft through the critical reentry period. Excess fuel was used in

beth of these orbital flights. $chlrra's rash was to determine if man tn the

machine could conserve fuel for a long flight by turnln_ off all systems in

drifting zilgh£. It was a task that could _.--_tbe _ccompllshed by a piece of

i

--l

!
i • • r ,
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_utomatic equipment in the confined area of the Mercury spacecraft. Schirra

also was able to exercise another type of pilot control. It was the fine co_;-

_ro! r'c=_sary to adjust presture suit air temperature to produce m _erkable

envir_1"n_nt. When we flew the mechanical n_mr,in MA-4, we did not have the

c_pab_iity of making fine suit te_erature adjustments or to realize the pro-

blems we n_ight encounter in st,it design. Man could analyze --' -_._-_^+ =,,_

temperature, thus pointi,ag out necessary design parameters to follow in future

I programs.

The Mai-4 _nd MA-5 flights were probably the most difficult of the orbital

missions. They had to be flown using only one automatic control system. We

had no man along with the ability to override or correct mal_an:tions in the

systems. One of the fli_tts ended prematurely due to malf-_Ictions that we

could not correct from the ground, in both cases, a man could have assumed

manual c(:ntrol and continued the flight for the full number of orbits. It is

no hypothesis or theory_ it has been borne out by facts. With this design

criteria in mind, the Cooper flight was e fittiDg climax to the Mercury pro-

grm_. l_ot only did it yield new information for other s_acecraft programs,

hut it demonstrated that man had a unique capability to lescue a mission that
mw

would not have been successfully completed with the automatic equipment pro-

rid ed

Man serves many purposes in the orbiting spacecraft. Not only ia he an

' ob_erver_ he provides a redundancy not obtainable by other m.eans, he can con-

duct scientific experiments, and he can discover phenomenon not seen by au_o-

mat ic equi[,,,-cqnt.

, : But most important is the rddundancy, _he ability of another system to

take over the mission if the primary system fails. Duplicate systems are

1965005896-084
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designed to prevent bottl_-_eck8 in the operation of the systems. The single

point failure cav sed the false heat shield s_gnal in G(enn's flight. After

the mission uas successfully completed, we conducted an inter.se design re-

vie_ to see if there were any more of these single points in the spacecraft ___

that needed redundancy of desi&_n for safe operBtlon_ We found many areas

whcre the f__;lure of one component could trigger a whole series ef unfavor-

able reaction_. This type of problem had been broug,ht about by the de.=.ig_,,

philosophy originally conceived because of the lack of knowledge of ut_1's

capability in _ space exLvirorament.

The Mercury program tcught u_ not to stack the components on top of "

each other, it forces limited access, and the failure of one compcnent

duri,_g checkout makes it nec,.ssary to pull out other functioning systems
I

to replace the malfunctionin_ part. For instance, in the MA-6 flight the

short life carbon dioxide absorber in th_ environmental control system had

to be replaced since check_ at took longe_ than had been planned. This re-

p!aceoenr required eight major equipment r_val_, and four revalidations of

unrelated subsystems for _ total ae!ay of 12 hours. All of t,lese problems of

1 -cours_ resulted from weight ahd space constraints brought _bout by payload

l_mitations.

For the Gemini and Apollo spacecraft, the equipment will be modular and

replaceable, allowing the substitution of alternate parts without tearing

out whole subsystems.

We depend quite a bit on the automatic systems for retrosequcnce but

4m

,_ man has proven that he can and does play an important role in the reentry

process• The only .manned flisbt in which the automatic system for reentry
/

was used completely was at the end of Walter Schirra's six orbits. In all

|
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other flights, the a:atr_nau_:took over and perfozmed at least one part of

the ree,ntry :eanua:!y becauae cf some malfunction which had occurred during

the f!_ght.

AS we m_,ve into the Go'mini and Apollo progra_r.s,a laaneuvering capability .

, has been bu'_it into the spau£:r_ft to allow changes in f£1ght path both while
4

in orbit and u,.t....._L,,_ra_nt: y ..t,,.......i-,-._,tmosphere.
l

The AV or translation engines provided will allow modifications to the

{

orbit for rendezvous with other vehicles _n orl_It. Also, by u._. of an offsct

center of _iruvity, the spacecrafts will have an L/D cap,,bilit_"not provided

in the Mercury vehicle. This will allow the onboard computers to select a

partiuular lending point at any time during the flight and after retroflre

or atmospheric reentry, the vehicle can be maneuvered wx_hin a givm_ footprint

to reach this desired landing area. The astronauts w_ll provide the necessary

back-up to these complex svst_'_asand can at any time assume manual control of

the system so that a _roper and safe landlng can be assured.

G_r experi_,ce with the Mercur7 network ch,_nged our thinking about the

operation of this worldwide tracking system for manned flights. In the ini-
i

: ' tlal design of the netwczk, we did 1_ot hay+ voice c_mmunication to all the l

., re_ot e altos.

( . But we soon found th_'f in ordLr to establish our real time requir_:_ent

for evaluating un-sual situat_on_, we needed the volce ]_nk. Wqlen we started

the program,, tne det_Lmdnation of the orbital eph_neris was a process that

could take several orbits to establish. We could not tolerate such _ condition

: in a m_u_e4 flight so we set up a world_;ide network which would maintain con-

tact with the astronaut approximately 40 minutes out of every hour. _.,t

continuous voice contact with the astronaut has proven unnecessary and in .many

i

I
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cases undesltab}e. While we retaLn the capabi)ity to contact an .stronaut

quickly, we have tried to redu:e the frequency of communications with the

spacecraft.

In de_!_ing and modifying a spacecraft, it is al_o possible to learn ' ,

son_ething more [hall tangible change'_ or hardward design. We learned about
[

the re!iab_]_ty requirement and the very i_)orta.nt need to cheek details

carefully. It is a require_ent that cannot be designed into a system on

the drawing board. It actua'Lly consists Jn developing a conscientiou_ con- _.

tractor team that will ta_a care to folloa procedures and deliver a reliable

product° Then it takes a careful rechec_ by the government team to insu=e

that r__I_ ""__hLilty has actually been built into the product. The small e&t

mistake in a man rated system can brin_ ".utally ui_exp_ct_(i results. The

unexpect._.4 i_ the rule in th_ ,,-'-- _d _f is......_vwn, man going to live in the

regi_,n beyond our atm.osphere, he is goir g to live under rules or not at all.

We have been aware of these new rules from the start of th _- _aK_iiite program.,

but they. have ,,,., been brought_ _._ our at_.ention so vivldly, as they have in the

manned flight pro_r_.

If an u:_manned sateilite malfunctions we c_.xmot gec it back for ex-

amination. We can or.ly speculate on the e._u=e_ ,_ns £r3: to red,_si__ it to

eliminate the source of the supposed trouble. It is necessarily a slow

process of elimination. }{ere again, if a mann_ J craft ,_aifun,:tions, it can

5e returned to the ground bp the proper action of the pilot, Then the why

of the malfunction is revealed as well as the what. We kne,_ what had f_.iled

in Cordon Coopar's flight, but we did not know why the syocem had failed until "

we got the spacecraft back for investigations aw tests. Knowing why something

occurred wi,l give us the tools to _mprove spa,.ecraft of th_ future.

'-T r_ • _
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AEROMEDICQ_L EXPERIMENTS

While we can redesign the equipment _o accomplish the mission we ca_o_

redesign the man who must perform in space. Ae_omedical experiment,, for _ew

kno_!ed_e about space mu,Jt simply answer o_e question, Can man adapt to an

_ , environment whicY _iolates m..o_tof the laws under which his 5ody normally D

F........y program seemsoperates". Th= ans_;ar to the quemtio.n _t th_ end of the " ......

to be an unqualified yes, at least for _,='-_iod of one to two dayb.

%he co,shins acceleration of la:mch ".Jasthe first concer_,. We knew he

would be presse_ into his couch by a force equa _ tn m._._-,,times _;-" weight of

his body. It was :.o£ definitely know_l whether he would be able te perfona

-_ _ny pilotin_ functions under these high "g" forces_ The centrifuge program I

was 8ta:'ted and the astronauts tested under thiJ stress pzuvad that man was

no£ as fragile or helpless as we might have supposed. In add:. ion to b_irg

able to withstand heavy acce! oration, a method was developed oi straining

, against the force and performing pilot eontroI _neu, Ters.

{ I •

i Weight]essness was a real aeromedical unknown and it was sometnxng that
the astronauts coul_ not really encounter on the ground. The ability to eat

and drink without gravity was one serious question we had t_, answer° In the

weightless condition, once the food is placed in the mouth, nor_<,l digestive

processes take over without being affected by the lack of gravity.

The next problem was the effect ef weightlessness on the cardiovascular

- system, that s the heart and blood vessel syst_, throk;ghout the body. All --

types of reactions were possible in theory. In actual flight, a small a_d

tempo_'ary amount of poollng of blued in the veins o-_ the legs has o-curred,

but it is no_ serious nor does it appea." tc a_fect the performance of the

' pilot. }'or all pilot_ weigh._le,,sness ha_ beea a pleasant expericmce. All

Iml_mm_Im t ......... ...... ,........... ,.......

i u... _ r I , i Ir I ii ,,iuuli i i ................... , ul
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the sFnses such as sight and heari._g perfom_ no _t]17 d_ring space f!igh=.

Th_e has been _',e ha]lucination_ no blackout or a_y at" er medic_l phenomena I

_.hicb .,ight have an effect on man in space_ We even experimented with dr_ft-

_n_ fiigLc and whether _he astronaut ,,_uld become disoriented when he could

__ not distinguish up from _own or have the horizon of the ;arth for a reference,

But each time th_ answer seemed to be that man could adapt as Long as his basic

needs for breathing oxygen and pre_s, _ were supplied.

Perhaps the greatest conlributions to the p_¢gram have come in the area

of development of aerom_dic_l equipment. Blood pressure measuring syutems
#

...._^_ *R-+ would automatically take readings and transmit them by

telemetry to the ground, The biosensozq _ere designed to pick up other in-

formation such as pulse _ate and respiration rate. There were numerous _mall _ ,

change_ that were made to the,-e systems to increase the accuracy of the data

that we got back from the man, in s_ace The in-fLight studies of the pilot's

react._on are probably the most complete medical records we ha_e tried to keep

Iton an individual, Their value has been to demon,_trate that man functions

normally in the space environment.

Related to the aeromedica! studies in the environmental n_u_pm;_t_ that

pro,,id,_slife support fo, Lhu astronaut. We started with the ba=i_ Nav}

pressure suit fo_ aircraft f]ying and modified it for perfoznnance in the

spacecraft. We found it was desirable to eliminate as many pressure points

as possible and have tailored th_ suits on a_ individual basis for each astro-

naut. There are _wo areas in life support which preqent_d new problems to be

-" D
overcome. First,, there was the problem rf ._tlatio_ _f air. 2n the absence

of gra¢_ty, the no_m-I rules ol a_r circulation are cancelled, and the carbon

l

!
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dicxlde breathf, ouc by the ast:onaut _Pould suffocate him. 'r_.e air it.,the

cabin _oulJ also have _o be f_,rced throu,_h the air condltioning system to

r=: keep the cabin area from overheating.

Secondly, there is the probi_ of the air supply itzelf and its possi_le

Dl

e_ect on the spacec=sft pilot. For conserving weight, a slngle gas system

was destrabie_ _ i_ was not _o_. if breathln_ pure oxygen over long periods

o£ time ceL_1.dhave hac_f_l effects. The Hercury fllght_ and ot_er research

l in a pure oxygen _,__,-iro_imenthave proven that no injury to the body's s_stem

_ bce_ produced by using a one gas syst_.

SCIEN_IFIC D[t'_S

_an_s roleas _ sci_ntiiic obsercer and experimenter in sp_e was another

unknowc i.n *.heprc_r_. Much of it wa_ besed on the ability of man tc exi'_t

i_ spacc. I_ had ro _Irst be determined that he _ould be able to £unction

' _ _or_ally and then the _i_ntific heneflts of the program could be explored.

F_m as an ob,,erver has prov_n his ability from the first orbital flight. The

brightness, coloring, and h_igbt of the air glow l_._ers _a_. established. It

, was something a camera could not :ecord nor _ald an ummavned satellite per-

form this mls_ion. Man in space has the abilit_ to observe the unknown and

to try to define it by experiment, The p_.cticles discovered at _unrise by

John Gtev_ were detemlnc.-<lto be c_-_.tng from the spacecraft by Scott C_rpenter,

and this analysls was cov.fitmed by 3chirra and Cooper.
t

: We car. send unmanned ,.astrumented cehicles into _pace wl_ich can learn

much about the space en-,Ironment and the make up of 'the pianee.s, llowever_

iV.: ,_,_ of _uan Xo a._.dit_making the sclenti_Ic observations will be invaluable.

' _he old pr¢,blem of "_at and how to instrument for the unkno_ra can _cflt

I

Y
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great[) from man's capability to pick and choose the time and types of

experiments to be performe_. W_: have learned much from the Mercury pro-

_.:mm throu._,hthis luallty of chnlce and we will continue to learn if man

centlnu_s to be an ir_orta_-_ part of t._e cystem.

If we ha_e learned more about space itself, we have also learned about

man's capabili_e_ in space. Many e_q:_rimer.ts h+ve bees conducted which have

yielded _aluable informs_ion [(r fuKure programs.

Aside from the aeromedical experiments, mar. has been able to distinguish

color in space, to spot objects at varying distances from the spacecraft, ':o

observe high intensity lights on the around, and to track objects _ear him.,

These observations prey%de valuable information in d_te_dnins the feasibi!ity

of the rendezvous m,d Davigation in Gaalni and Apollo. •

Pictures tsken with infrared filters have aided the Weather Bureau in

determining the type of cameras tu use in their weather sa_elllteSo Speclal

pictures ,h_ve also been taken for scientific studies such as geological for L

•mat£otls, zodiacal light, and refraction of light threugb the atmosphere.

CONCLUSION

The manned space _li_ht program, has changed quite a _ew concepts about

8pace, added greatly to our knowledpe of the universe around us, and demon-

strated that man has a proper role in exploring it. There are many umknown,

that lle ahead, huk ._ _re reassured because we are confiden_ in overcoming

them by using m_n's capabilities to the fullest.

When we started the manned space program five years age,, there was a great

deal of doubt about man's usefulnevs in space. We ha""_.now come to a point

which is exactly one i_ndred eighty degrees aroun¢: the c,--.... cte from that opinion.

!

+
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We now depend c,n man in the loop to back up the automaL'.c systems rather tha_
B

• using eut._,aaticsystems alone to i_sure that the mission is accoraplls_.ed, *

; We d_ uot want to ignore the autora_tic aspects of space flight altogether.

There must be 8 carefu I blending of mm:a and machir,e ir_ future spacecraft which

_vide _.the forn_ala for furthe_ success. By experience, we have arrived at

_hat we think i= a preper _r._xtureof that forraula. _ is the deciding element,

but w_ cannut ignore the usefulness of the automntic systems. As lor,g as man

i_ able to alter t_e decision of the machine, we will have a spacecraft that

can perform under any known condit|on, and that can probe into the unknown for

new k_owl _ ge.

7

|
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THE MANNED ORBITAL I_PALTOI_

by --

Joseph F. Shea and Michael I. Yary_,_ovych _

National Aeronautics and Spate :'_mlni_tration "--

ABSTRACT """ -"0 / '

The uses and the various possible desig_ concepts of a Manned Orbital Laboratory

(MOL) _re disdu_sed. The primary use of s F_OL is _he investigation of man's behavior

,and capabilities during prolonged space flight, leading to the decisiov whether azti-

ficial gravity is necessary in future advanced manned space v_hicles, Secondary uses
#

"_ include Jeve!c_ent testing of nJmerous subsystems as well as conducting 8 number of

scientific experiments. The design concepts reviewed range from the minimum MOL, which

is a modification of the Apollo spacecraft to accommodate two men for periods of I00

-T

days, through the small MOL_ which is a Saturn, I or IB launched labcratory subse-

quently supplied with a 4- to 6-man crew, by means of a ferry vehicle, to Lho large

MOL, which is an adva_,ced type Saturn V launched laboratory, operating with a 12- ro

24-man crew. In conjunction with the laboratory concepts the logistics systems, llke

modifications of Gemini, Apollo or advanced new ballistic and lifting body re-entry ,

system:s are reviewed as well. /

",. II Io
2
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' I . INTRODUCTION

With th_ completion of the Mercury program ,_.d the _trong efforts ca C_en.__

and Apollo this nation is well on its way toward the deve!o_m_nt_, of aq estab _"',_._,,_.

mm.ann___apace _1 tghr capabii_ty.. It is difficult to imagine f,_t,drete'_'hnice_grewth

withou_ _ ever-increasing u_e of space by n_nn, extending to man_'u explor_"c*,.. _f

the planets_. %n order to achie'_e this expasded manned spac,e flight capab?] ItS,ms_ 5,

of the building blocks that make it up have to be developed to a hig_ degr=_ .u_. per-

fection ar:d tested under exact enviro?m_ental ccnditior:s= 6ne of those building blocks

in need of testing Is, of course, man himself, Therefore, iI _8 reasonable to assu._.e

that for the purpose of laying a broad foundation for advanced meshed space filght

a manned space laboratory may 5e necessary.

The 14SxlnedOrbital Laboratory (MOL) may be, for _am-,yyears to come, a b. "c re- ._

, search tool in space. It would he utilized at first to answer t_ie baBic ,, "estion of '

whether man can llve and operate successfull_ in space for long period_ of uime. While

thi_ biomedical experiment would be going on, other engineerin_ and scientific re- _".

=aarcn ta__ which require the true space environmen_ and_er the attention of a uumem

operator might be carried out on board the statitn. _ventuall_-, the MOL may d_',_o..__.p

into an oper&tional space station func[%on_ng, for insra_:o_=,a_ an oro:[tal launch

facility, a meteorological observatory o£ a _pace n_i_[un_ce and rescue center,

, II . APPLICATIONS

In order to determine the immediat_ _-equiremenLs for an early 18_,..ratory, _he

various poteot!al e_perimental use_ must be evaluated. Thi_ evaluation wi_l pc_vide

' a basis far establishment of the confi_ratlon of a MO_. Is a _inimai Apollo-type -

1965005896-097
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cu_:..._en_ f,_r the _crfon,u_.,cc at a si_,,ificsnt biomedical experiment? Or per-

h.o:,s: the be_,efJts cf a truly mulLi-p.,rpo_e MOL are so over_heh,ing ia the lor g run
%

that oLle shot,!_] Dot exT?end t,nnecessary time and effort in go_ng through the i._;ter-

n,ediot_ _,.e_s of building small space stations but, *.ather, proce._d i_,ediately wi_h

_he _'|"qr |oe ......-._ -_, ........cf a large laboratory in space.

Vai '....•uu_ £overT,ment_ age;_c_'s and many industrial contractors have studied the

potenti_! t;ses of _;pace stations for a nu._..berof years. _hese appl.'cat,ons have beam.

collected_ ana!yz'_ _nd rated and a_e bping :ontinua[ly ree,r-luat__4 in terms of tecl.- :

•* nical feasibility and ult[,nate value- for the overall national space fi_ght program., • *"

O:,ly the ._ore i._ortant catesories are discussed here.

-_ A,, BT.Oy_! CAL A__PT.iCATION S

c_

The m_st pressing mission requirement, and therefore the predomi_unt purpose of

the early MOL, will be the study of man's physiological and psychological response to

the space environmen_ ;,nd the determination of a _._ancapability for performing useful

missions in space ave,: ext=nded periods of time. Of ultimate interest are manned i

-i planetary mission,s which typically require one-year flight times. The valida_icn of

man s active role in space cannot be accon_plisbed _y s_ulation on earth because of

_r

, one particular factor pec,aliar to sp_ce. This factor is "weightlessness." Tn order

to fully understand this phenomena[ and to make a vali_ decision as to how best to

(:ount_a_-t the long-te!'m effects of the _pace environment on man, all effects on man_ !

during _nd after a prolonged stay-time in a weightless envirohment fol!owe_ by a

hlgh deceler_tlon rc_antry, have to be closely evaluated and compared with earth.-

based _i_.ulction _tudies.

_i Tb_ final evaluation of all biomedical parameters will lea_ to one of the key
- %

decisions in the future :,tanned space _'l_ght p£ogram. If will answer the question

m

]

]965005896-098



whether or not an artificial gravity field _ required ix; n,an's life support

environment or, in _ore operational terms, whether future mann=d space stations

and spacecraft for extended missions (such as Mars and Venus exploration) must he

o

; totaLed.

The biomedical studies will be especially concerne _, with the following areas:

I. _,= ......... I-- _vRrem

The maintenance of _. adequate cardiac oL'_p,:c, wJch properly oxygenated

blood to supply all areas of the body, i._ ,1_al.v importaut sln=. this }s the

mechanical t_ansport system for th_ ¢,:i!ul.'_rn_tr_t_onal needs and waEte pro-

. duct removal. The existing k..-_wled_ of the rule of the g;.w__tational force

field, or its ahsence_ on clrc_:latory d_r_amics is llmited. What is known, how-

ever, points to the fact that cardiovascular dynamics will bo altered significan-

tly to the extent of causing symptoms which will interfere with adequate luco-

motive functions, with possible unconsciousness, upon return to a force field

after a prolong_ period of weightlessness.

2. Nutritional Functions

The role of a gravity t_.eld in the dynamics of food absorpt%on, trsnsport

and utilization over prolonged periods of time is unkno_rn at the p[esent time.

3 _ M_sculo- Skel et_l S_.s._e__

The musculo-sketetal system has been subject to speculation =s to the r_le

of gravity in maintaining muscle mass (protein metabolic bal_nce), musale function

' and strength, and calcification of bones (mineral mobilizaLion, deposition nnd

balaace), It is presently unknown whether these functions are gravity-dependent

or primarily dependent upon maintenance of muscular contractions,

(

, .= _.......... o. ...... ,_ ,.
!
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4. Puh:_n_rLl Functions

kl area of vital imrort_,.ce is the long-term effects of p_t_a] p:e_suren ,__

of ox:igen in exce_s of sea level partial pre._sur_._. Wh_!. kxnd of chvA_%s, if

an), are initiated by an atnospheric cempositi¢;, O:ssimilar to earthed ' I_-_ ,Jo

these possiLle changes affe.'t such pulmensry functions as ventilation, the

mechanics of breathing and, more importantly, pulmor_ary ventilation*-perfus[on

ra+_=_._during weightles,_ness*' 'vne definiLioLi _L_--_estimation ,-_.._rhv si_F_if_aancc &

of these questions a_e yet to be determined. Some of _hese could b__duD'_ica_ed

here o,_ earth, but interaction ol _II multiple fat;ors cannel bp p_,a_i,:te.1

5 B1ochem.ceL S/gt em

Any endeavor whxeh prod_ce_ stress in ¢_xccss c* mLasured experience =my

z=:_se havoc to the endocrine org.ns. Relea_'_ of excessive amounts of hormones

and enzymes_ ew_n to depletion, ha_ buen know?.,to occur om earth. Much needs to

be kgcomplished in understanding the significance of these fluctuations as they

relate to th__ long-ter_q functionsl usef'_"_nessef the individual and his well-

being after return from the mi_,sion.

6. Psychiatrlc aa___ddPsychologlc__l Fur ctiens

Little is known in the area of psychiatric and psychological vsriations

induced by small closed societies, _solation and a_'tificial environments, and

what is kno%_n cannot yet be adequate].> correlated. Much wozk must be done so

-/

that some adequate measure of assurance ca_ be had that long-term space missions
will not pose _ndue problems in this are_,

7. Vestibular S_s_e_n

This are_ is related uniquely to artificial gravity produced by rotation

_,,d i= _oncerned with the study of tL,e e_fects of Coriolis and angular acet'!erat- "

ion g_adi,_nts on vestibular functions, Questions which must be answered relate

[ ,i,,-
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to the degree of iate'.fere_ce with func_ton, habituation aL_d -_,_.a of chart;lug

¢ magnitude c__ Coriollg and angcia_ veloc._t, as a runt" .._i, of sp_ce stattor..on-

figurat £ons

A bic-_-edical facility in space will rp ._e flexibility so that any eventuality

' can be adequately measured and eva1,, .o This calls for a high degree of bin- --

medical sophistication, r _-:.:._isticatio_.reco_nends serious cor.siderati.-;nof the

_:.--.: _o_r.Ly t_.ained medical personnel for fright mAssions.

-- Tlle,c __-e three successive objectives In the biomedical ex_erir_enr_;

I, Dete_ine whether mw_ c_n operate success_ully under wei_htle_.ness for ._ong

perlo_ of time (of the order of one year) and subsequently survi_:e i_'.g_od con-

dition the env!ronment of re-entry and normal gravity conditions thereafter,

2, If there a_e i_cat!a:.s of difficulty in the weightless state, dete,_mlv.ewhether

onboard r_ccuditic_Ang me_sJ_e_, like a doub_.=--_ded tra_pollne_ a lo9_ acc_l-

_a eratiou ceac_i_.'ge or rh._ -se _ _esscre cuffs or dragss will make the scbJect

fit for operatln8 successfully u_der prolonged weightlessness, follo_ed by re-

entry,

3, If there are csnc!,:c!v_ ladic_,txons that reconditioning measures are insufflcLe_._-,

' determine the best _e_as of providing artificial gt-svity _nd develop techuiques

I : for crew _p._ratio'n_.in the sin_ated gravity field,
• Two eppzoaches see f_ossible for achle_ing the first biomedical study objective.

L

One is co _xpnse subjects to ever-increaslng periods of w_Ishtlessness followed by

, re-entry to earth, This spproe.ch may be costly in terms of the number of required

-- fllgh_s. The second approach is to s£mu!ate re-ent_y condition_ by means o_ an on-

o,_a_- h#_h spews cent:Sfuge; however, m_re centrifuge research is still-_'equired to

de_.e;mine whether this typ_ of _.i_lation is sufficient and without disturbing
!

secondary e_fects.

r

I
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The Manned Orbital Laboratory must be gesigned in s_ch _ way that, if the re- i

: suits of the first biomedical study objective arc aegati,;e, the second and third

objectives :an be carried out without maJoz modifications of the program.

B. £.WGINE£qIING RESEAIICH AND DEVELOPM_

W_,11e the first Panned o=bital laboratcrles should be considere _ ,.3tapping

.' 2

_vw=L_ e:::cnded e_rtb nrh_t oper_ilJns win'bin the frame of the overall National

Space Flight Program in determining man's capability to work and live in s_ace, the

ultimate goa) of a MOL _,_y be to provide a logical foundaL" .:_-_. to _nned interplanetary

. space fllght. Yhc complex space vehicles employed in plane" ary missions may be °

assembled, serviced, checked out m_d la_,_.ched through the nc' ire participation of an

orbital launch crew wock!ng f_ or near an orbital launch facility. A manned .pace
I

station _ervin_ as an orbital latn:ch fact!icy may Incr'ase the overall _robability of

success for such _issions. Orbital l_unchln$, on the other hand, requires the solution

of s ;'sriety of complex englneering d_.vel%'_nent teaks such as assembly in space, check-

out. l_unch procedures, fuel transfer, maint_-_a_.ce, repair, get.oral operations and

logistics, etc., _nd only _fter these problems have oeen studLeo in dete£1 will one be

able to _ssess the _e_u!ness of an _rbl_ i! lau=ch facility.

Manned o_bir.al laboratories, flying during earlier time periods, have the potential

o_ providing useful facilities for developing and qualifying the various s_,stems:

structureo, materails and operation_i techniques that will be required both for a_

orbital launch fa.:illty and for other f_ture manned and unm_u,=¢ space missions, Future

systems and materials under development will require long-duration exposure to the space

envlro._ment. Many parameters of this _vironment may b_ simulated in earth-based fa-

cilities; however, in many cases large vol_ae and hard vac, am requirements favor space

station testing. Furthert_re, g:ound-ba_ed tests obviously cannot provide the con-

@_rions of weightlessness or partial gravity for extc_d_ pei_ods of time. One should

---=.==_

i
)
I
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-d bear in mind, h_)_,ver, that only te_L_ w>ich cannot b(- effectively ¢arr,d cdt

on the ground _bould be :i._s.:g-3edto the MOL.

: M_n's pre_ence is helpful in the ce_ting &_d qualifiea_£_. -_. sy__.ems in the

gpace eavironm_nt. The instrumentation required to monitor all the function3 in

t

a system to ida_Itify the cause and result of r.hemany possible experimenta I re-

=pauses and :.x_.'_8o._ iaJ lure would be nlghly complez and massive. M_, could help

for the following reasons:

l. He can calibrate and e_ig_ e_a[vment required for an expetin_nt.

2. He c_n monitor _xperim_ts.

-_ _° He can uoe his Judgmentto alter an _perimeut Jn progress to mae_ new objec,.ives,

%_ Be can rcpa'.r ,_;!nm__.? _hose failure could result in the Fremature -erminatlon

of m'_ experiment or at least seriously affect the validity of the resu!ts.

In the following discussion s_me ol the more sign4.ficamt potential experiment_l

grouse for .-e,_nned orbital laboratori,:s will be i,entified to show the level of

necessar_ *_ff,_rtin the area of eugineerln£ rese_rch aad development.

,_, Cr.____S_'!tems

The performance a_i re_lab_i_y aspects of a_'va_ced environmental control systems

to provide coeling, heating, pressurization, etc., for future 9pacecraft configurations

coula be evalu.:ted. Particular tests would "/ieI# data on the effrctiveness of leak -

r_I age detection systams to pinp,:Int _J.crometeoroid penetration and f"ilure in he'_netie

seals. This, in turn, would l._ad _o an assessmew; of sealing techniques to correct

, "h_--.epenetrations and failures, The study of ad%'_mced life supl_or_ systems and

: crew equip_t unner _pace covd_tZo_ would yield %'aluable information to su,port

_m_ cn long-t_.'= _pace miss!o-s° Emphasis should he dire:ted to su6h areas as:

, a. Closed-lo_p algae systems

" h. M&gnetlc radiation _hieh;ing

!

!

• . %

I I "
i_ ' J ] '_III .m
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"Ic. RegcneraKixe water supply systems.

d. Waste diBFosal.

e. Food storage and preparation.

f. Personnel restraining equipment. , _,

2. El=_trical and Electr_:,!_, Systems

The performance and/or endurance capability of various solar a_d cbemica_ power

generation systems operating in _=pace e,_vironment cou'd be e_vai-mted. Syst_=s ,,nder

test may also provide useful pow.r for bonu_ experiments a:.d ser_e as backup power

syst_ns. Various it.s .-_ co_-_u_nicatJon equipment, such av very '_t_t_ifrequ_mcy de-

vices, may be tested to develop i_proved space communications in terms of advanced

componeOt,J, opti_-_-m_c.......,_..c_==_..,bandw_dths, transmis31on power, re_!ver sen:)itivity,

reliability, etc. lqL,a @arfu_'_-r=nncecharacteristics of Icn_ lifetlme advanced r_vigat[on

and control system,s may be studied and new guidance techniques evaluated,

3. i_r_i_c_vulsionSystems

The effects of the space environment: especially we,t_,tlcszness and lonE-time

space exposure on i_nition devices, restart capability, fuel sloshing, vortexing and

expuls"_on could be determined, Various t2p(s of propellant actuation dev_crs could

---- be exposed r-o the space environment for ex reded periods of time mad then actuated

and analyzed. TesE_ _.;=-,_ba conducted on _arious fuels and oxidizers in different

propellant tank confi@[_rations and with various znsulation techniques and materials.

Electric propulsion syst_ns could be proof tested under tm_e space condit£ons, and the

_ behavior of rocket exhaust plum_s could be studied.

4. Structures and Materials

Marry simultaneous effects of ,._,,,._t"......_-_- e-nvironment such as meteoroSds, vacuum,

radiation and temperature cycling on various characteristics of materials and

structures are difficult to be meat_In_fully reproduced in ground tests, This lack
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of information introduces uncertainties in _pacecraft design that m_y be sertou;

, enough to impair futu:e space missions or require over-designed systems with un-

-_ necessary weight penalties. Fo: instance, ablative materials could be ext.,sad to

apace vacuum and temperature._ eyt_emes for long periods of time to evaluate their

integrLty. An effective m_teoroid protection research program could be undertaken :

with the aid of MOL e_perimenters who coul_ hol F deploy large m__teuroid bumper areas,
i

j

examine pe,etraticns and ,Iter the materials to _,,.-vis__?._i_am proterr_on schemes.

Theft iG so.-.erec=nt __zidence that e deep vacu,,m forms in the "wak=" of a low alti-

tude satelllte, 2his would make the MOL suitable for deep-vacuum experimemtation

-_ on varlc_s materials and mechanical systems.

5. _t lavehicular Operations

For extended extravlhicular overations m_n must be well versed in the capabilities

a'_d limitations of individual propulsion units, extravehicular suits and portable

llfe support systems. The MOL _ould provide a test bed to train personnel for future

' lunar a, td planetary missions.

6. Developmental _

AIs_ of i,sportance .s _light Lea:lug of large unmanned satellites and space i=rnbes

. or quallfica_ion testing _f a_vanced manned satellites. Present satellite programs

requit'_ a costly and tlmecoasumir_ development flight test progr_d necessary to ob-

I rain reliable flight hardware. This is ma._niy due to fact we nave not yet
the that

learned to build adequate grouno simulators, and, thus, testing of final satellige

configurations on the ground does ao£ allow an Lsolation of all design deflcieocies.

No effort should be spared to i,_prove ground teriin_, but if that _roves _till _n- ,_

= adequate, then one could use the _DL as a development flight te_t facilSty. By

orbiting the test arti¢:le as a "tag-alo:_g" near .,,eMOL, thus allowing visual obser- L_

vatlon and a ,boil command and telemetry llnk_ diagnosis and r_,pair of satellite

malfunctions woald be possible through extravehicular operations of the MOL crew.

!

" - "'W" I ....
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C. SCl _IFIC RESEARCH

Z

WP,ile the Manned Orbital L_bcratory performs the biomedical experiments and

i •
the engineering research __na development tasks, some of its facilities may be

allocated to perfo_n scientific research. It should be pointed rut that some

scientific experin:ents, given high prCority tod=y, amy be relegated to a lesser

rating er even disreBarded by the time the space station becomes opera_;onal, rhis

will be the ca_e when unmanned satellites send spac_ probes have gathered enough

significant infnrumtion in a rarticuiar problem area during the intervening time

t ........... ........... _ _nd experiment initiation on the space station.

Io 4_tronomy

-i Al orbiting space sta_:ion could provide an astronomical observa_or> that would

#

greatly increase _he angu)ar resolution and extend the wave length range that :_

possible in earth-ba_e_ obs,_rv_tories. However, _ experiments on an orbiting

ooservatory miF_t require poi_,tlng accuracies s_ stringent as 0.I second of arc

with photographic exposures for ___ long as one hour or _ore. _uch stability may

be dlfflcult to achieve, particularly because of umn's disturbing presence.

A _c_ibl= _iu_i_r _i_h- P._ _ unmanned astronomical platform it, close pro.ximlty o

:_ the sp_ce stetion with a radio command and e, optical data link between the plat-

form a_d :he MOL

There exists a large range of astronomical observations that may be made from an

orbiting observ_-toLy. The more significant of these may be classified under the

follo_ing headings: _

a. Ultr_violet, visible and infrared studies of the planets, the solar di,k, the
]

: sola. corona, galaxies, nebulositie_ a_d interstellar gases. .,

!

l

--. _ .m

I "
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b. Ultravloiet, v_sibie and infrared _Ludies a[ very hl_, £=sulut_,n uf 8teller

systems aad a £earch for planets of nea,rby star J.

c. Gamma and X-ray telescopy.

d. Radio telescopy.

, (>ely a few basic _nstruments would be required to d6 all the studies listed above

if man were present to make changes ir systems and pro_-r_ns, change attachments to

the basic instru_ents_ align a.Ld calibrate.

2. Biolo_

A Mapned Orbital La)oratory could contribute to the search for extraterrestrial

life in a number of weys. _t could serve to collect and to analyze the upper terres-

tr_e[ atmor_' ere for microorganlsmsp inciuding such organlsm_ possible in micro-

meteoroids. In addition, a space st._i_ could provide 9 biological laboratory for

the preliminary analysis of extraterrestrial _m_ples to determine if they display

a contaminating danger before they are se- to earth _or a complete atlalysis. Knd

finally, a MOL provides an opportunity _ utilizlt_? the u_,lqu_ a_pe¢.£6 vf the _pa_e

environment to a_alyze the general rei, _nship that exists between an orga_%israand

= its environmemt. Studiee would be concern. _ c_th .... _menta% effects on photo-

synthesis, biological rhythms, met:abolism, aad grc,_t_ and deveicpment of orKanisms

as follows:

a. Study of various physiological s_stems in high _uLimals.

b. Study of embryology.
J

c. Growth of organisms.
P

d. Pia'at physiology°

l_)st of the required eq'aipment to perform the above studies would be common to

: that reqaired for biomedical applications_ and sharing of eqaipment would stamp most

of these studies as bonus expetimentso
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3. _cs and Chemistry

Very _ew experiments suggested for Manned Orbital Laboratories in the area of

physics and chemistry are actually basic in their nature. The majorir_ o_ cxper-
#

iment& o_ concern to the c|emist and physicist are also of major concern to the

Sp_e.e sta_io,: d_31_er. Lossible exceptions are oa_ic m:udies like ch_=_..iCA_! r_-

action kinetics, surface tension effects_ heat trausfer phenomena, liquid-gas

........ 4^- =h,A1_ under zero gravity and p_:tlai gravity conditions.

4. _ F-hvironment

It is antlci_.sted that unma_naed satellites and space probes will bare contributed

si_ificantly to the investigation of many present problems in the space environment

area by the time space stations become operational. M_.%y investigations, however,

may require the presence of man before the problems can be completely resolved.
S

Also, it is possible that a number of e_.per_ents that could be individually con-

ducted on advanced unmanned satellites would be collectively justified for a manned

space stsr_un. Ealperiments in thls category include jtudies of magnetic fields,

redi__tion_ meteoro_ds and wave propagation phenomena.

III. MANNED ORBITAL L%_ORATORY DESIGq CONSTRAINTS

A, ARTIFICIAL ,_%AVITY

The Manned Orbital Laboratory, llke any other space vehicle, must be designed

within a lazge number of design constraints, and the design must be optimized for
i

its purpose. Particularl_ since the MOL i_ intended to be a spa_e laboratory in the

full sense of the word the designer has to corsider firs_ the adaptability of any

concept l:o the req, irements posed by the experime_,tal applications.
J

Several sur_eys of the potential engineering and scientific use_ of an orbiting

laboratory show that about half of all e_.pe_iments require zero gravity, _hile almost

f .... .
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all the rest are independen_ o the gravity ffeld. Relatively few applJcation_

, ceil f-_- ._rtifi_ al gravJ+)o Tha_ requirement l_sy arise primurily from man him-

; 0elf. For man: the lack of g_ _vity forces may cause physich)gieal _robl_._ _:d

•_j_._ _=SL.--_ of u y_,axiaL'" " inconvenlence. I_ earlier pr._ra_s_._ like C,_mihi or __

, Apollo do not already indicate a clear need for '_rtifici_] gravity, it will be

< desirable to provide the MOL design with sufficient flexibility such that it w_!l

, ........ _ ....i .ogo_Al=e= nf rh,. o,tco_.e of the "zero

gravity deeisir:n." This, then, calls for a "zero gravity" NOL which can be later>.

con_erted to s _otating station if vecessary.

-E Artificial gravity overcomes the disadvantages cf weightlessness an_ brings

the astronaut and all equipment closer _o an earth environment_ but the rotation

necessary to produce artificial gravi=y, unfortunately, introouces certain operation-

al and physiologleal problems with respect to the cre_ and th. systems installed in !

such a station. _^ _" the ar:.a of the on-board installed systems, rotational

factors influ_ice the design oz such componeuts as antennas, docking devices, crew

and cargo transfer, _aidance syste_ns, and vi_.wiug abe earth ot certain deslgmated

portions of the sky, The_:_ rotational con,_ideration_ are not overriding iiabili_ies

but rather must be treat:-:_ with censiderstlon and ingenuity in the conception _nd _-

design of systems a_4 the_ [._.sta!!&tie:_:3.

The rot.-tlen of the station introduces various forces; the pr_mry on_., which is

: !
the Curiolis effeet on individuals, presents an additional factor to the envi-onment

to which man is not ordinarily expos_ This requires that m__n either adapt to this

additional factor or that certain types of provisions be made te facilitate his

activities in the space station. Man has a ratLer narrow tolerance zone in terms of _

rotational parameters such as radius and rate of rotation. The interrelations be-

tween the rotational parameters are illustra_ed in Figure i, whlch shows the present

{
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•_mlts which define thisNuma_: factor d=.sign envelope for man, The toleranc+ _" '

envelope h_ve been established by many :,pe-;lalis[:scn human fsetors, _ut are based

..... ., _,,, _ bare minimum of _xp_.imentai evidence conducted under a difierent en-

vfronment from chat wh._,:.hexists in a rotatiug space vehicle. The limits c_at

encompass this envelope are the upper limit on Lhe gravity leve]_ the ,pper iimit

on angular velocicy aud a lower _.imit on rim speed, The upper limit for gravity

leve, was selected as 1 g; the upper limit on angui_ ,=elocity ;;as se_ _t 4 rpm,

above this, based on centri£uge experience, vestibul_r disturbances may appear when

the head is tu_aed rapidly about 8n axis pe_-pendicular to "he axis of rotation of

"_

the station; the lower limit on rim speed was chosen at 20 ft/sec below which a 50

percent change in apparent gravity occur_ when a ,_rew man walks at a nominal rate

(4 ft/_ec) in a tangenti_1_,direction rather than standinc_ _ti11 -_ n_vehn]n._=_,-. ___= .....I_

a ra_hel di:+,,rbing situation (Reference I). #mother limit, although net defining

this envelope, is the m_',_ic,,_ra_f._s where the gravity gradient from head to foJr is

not great enough to disturb the crew, That gradient should not exceed [5 p_rcent:

which indicates a minimum _adius o! 40 ft.

All these artificial gr.avi%'yconsiderations indicate that !t is necessary Lo

consider fairly large _adii of rotation_ say in _D,e vicinity of 75 ft. This in turn

challenges the designers,' ingenuity in packaging the station within the bou,lds of

launch vehicle payioad envelopes_

_. DYNAMICS AND STABILITY

The additional benefits of ste.,_o,_rotation for the purpose of creating artificial

I gravity are that_ if the ax_s of rotation is the principal axis of maxim_, moment of

inertia, the station will tend to be spin stabilized. _o provide mas_ distribut._on

; such that the sta_llity requiremen_ is satisfied the configurations tend toward those

I .
I
1
I
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of spinning dLsc.s, f]ywheels or long c_lind_ic_l _eetfol_ ';_:_'_re 2)

Th spit_._ of inhe_mt stability, however, there are problems associated wi_h

: the 4_namics of spinning "-callas. These Lr_ginate from the "wobblJ.._" motions and ,

" elastic oscillations produced by imposed d.sturbances such as mass shifts c_eated ,

J

by c_-ew motions and ca,.go shiftJ and external torques resulting from docking im-
J

pacts. Undsnped wobbh_'g motions pro_uced b_ svch disturbances would subject the

crew t'3 o=uiii_tory motions wh4_h_ _nun]ed with station rotation,, could cause nausea

and disorientation. For instance, an instantaneo,_s motio_ of a man in a direction%

.para!le] to the st_,tion_ _pln axis will make the axis n_ove between two limiting

curves defined, by the station inertia and angular velocil:ies (Figure 3), The re- (

sult_.ng wohbie will appeal to the c_'ew _i_ke the rolling of a sbipo in _dJticn, the

elastic .response can fur[her complicate this problem by producing excessive cyclic

1_=:1__.__...._........._._ _"..,interfering wit_ the ,%ration control. There _n._,....... _he _-'m,a.._ _,_:e

nmpliLude of this motion the more inherent stability a co_figuration po_,F,esseso

The .maximum wobble angle created by an instantaneous mass shift is calculated

from the -elationship (Reference 2).

-[ 2 I
; O_ = tan xz

' I - I
• z x

'_ where _. is equal to twice the principal axis shift measured from the original po_._i_n.

I is the product of inertls _reated by a mass shift in the xz plane _I = 0 for
X_ XZ

no wobble)_ and i and I &re the moments of inertia of _he station about their
X Z

, respective axes° For in_'tan_c. 1_a an und._ped system a typical 30-foot _tation

would have a 13-degree _naxlmum wob',,le angle and an apparent _oiling of from 0 to 5

degrees for an instantaneo_,_ motion of a _.rcw man in a transverse direction

' (lxz _+000 slug it2). In the case of a i5O-foot station the situgt/on is con- -.

siderably improved_ where the corresponding maximum wooble anal,, is _ degree,
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' Considerable _Lmoant of work has been d,_T.e on th,_ develo'_-er_t,. ,_f effici,,nt

stabilization and attitud( control systems for 5Ta _'' statir,1_s. Fc_' instan_'_ , cne

_ can cons_ a combination ..F a wobble dmnp_r 8,_J _ pu],,e-je_, d_-:p_ng and _,;'.en-

ratio _, system (Referenc_ o). They co_#lem_nt e_cb o'V_,ar i , elim;_nating wc):_[_ng

mo_i_,,_,_and align_pg ch_ ststLo__'s spin ax_s '._ t _: desir4d dir,:ctio'n. S,_.'.i a
!'

wobble _nper ma_ co_si__t o! a spLnning f.ly_,_-el ,_hlcL c_n be [recessed tc provide _.

L reaction mo-aents tFat oppose the _l.=tu:baac,. Lu,_,=S.

'_',,o level of " '".... tabi_ly to b. provld._d _ _ &object of op.imization, Relative

co-,par_o_ and t'ra:e-offs _ssocia£ed w4_ _he _tab_li_:y levils 8re to be nade,

aonsideriflg, for Inst__r',,'_ el_ .....+ = --".,. pro_.._ ion wi,.ch meets these stability

rel_abiiity a:;soc_ated wit_ the _tabilitv ieve!., and
levels, _ystem compl s',.ity,

-_" ¢_perimer_nai cn_ cr',:w t_lerance re_uiresents _or =w:,_---p!e _ appears to b_ m_, '

more plausible t_ install ast_oo_m_ca. _-quh._ment eit|,er in the i_edlate adjacent

vicinity , f the s_ace station or on _n internal independe_t stabilized platform

because oF the precise stabi%itytole:a_ce ev-e'_s requ_,red= ._

Abou_ 25 per,:n'It of the pro_.used experiments require pointing accuracies to

less than I degree, while ab'_;t 40 i_ercen, require pointing to an accufa6y of be-

tween i to i0 degrees. %'hu_ ene can assume that a suitable station would have 8

control system capabl_6 of m_intaining the attitude below i0 degrees, while the

precise rcqul!'ements of less .than 1 degree would be provided by separately stsbi-

llzed plat forr_s.

A mass control system might also be integrated into the overall stability system

of a rotatiug space station. #_ a logistic spacecraft docks with the space station

aud preceeds to transfer crew and cargo to the spaae station, large amounts of mass

are move,/ into the various areas of th_ space station, thus upsetting the stability _"

of the station. It may be necessary to install a mass control _st_, that would

(
I

I ' 'III i !
I
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._ra_sfer |lqu'.ds (water, irene, waste prc+u_us o_. fuels) to various locations in

' the station to overcome these disturbing ms.s transitions. -+*i_ _uld assist in

- minimi_ing the penalties associated -with basic stability and contzul systems.

C. SUBSYSTEM CONSIDERATIONS

The space station has a number of types of system, s installe4 onooard t,_ meet

the various requize_ents for overa].l sDaa _ _cation operations 8m,d actfvitie_. :'he&a

include the er,vil-o,_ntal _on._'ol and life support system, power generation ansi

e_ner_y storage system s co_.faunications _ystem, onhoard instrumentation system., and ._mr
le

vai'i_us types of mechaDxcal systems. The t_chnology to achieve the concept, de?elop-

r._ent and Installatio=, of these types c_ s>_tems i_ currently available and iD its

-, applicatioD appears to be, in general_ less d_aand_L_ and stringent than that cur£ent- !

ly being appli_d to the Apollo lunar-landing program. Nevertheless, in the design of

such systems, ingenuity _s re%.i£ed to achieve the optimization and e_ficienty

t --

necessary for enboard service, maintenance, overhsu_ and various other types of

support &ctlvi£ies to maintain a long operaticnal lifetime. Current s_acec_'aft

systems such as those of Mercury, G_nlni and Apollo are, with m._nor exceptions, not

designed for onboard malnte,ance and service. On tho _pace station, if in-flight

servir:e _nd r_aintenanee are to be achieved, systems must be designed from their

pre]Imi_ary inception with this capability as a m_jor design objective.

With respect to particular systems, certain considerations mu_t be glven proper

, attention. In the ease of the environmental contrei system, most of the componenr.s

, are now available. What is required is the opt_mlzation of the_ __ building blocks

• within e station in terms of the oxygen supplies, fan ,otive power to circulate

_nv_ro_nment at_osphert, beat exchange methods to provide the heating and cool-
.. !

log as required, CO 2 absorption and _'egeneratlon devices; water separation tech-

--_ niqu_, water stora_ _. and wsste _nagemenr+

+ ,+, +. ,++.... , + • + +

I
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-" One _rea which requir-s devc!opmen£ and implementation in the fJpace station

envi;-,_l:ttal control system [_ the ultizst_on of the CO2 absorbed from the respi-

raLery pro_esses of th¢ crew ,_nich can be collected ax,d broken down into either water

_--_oxygen for f',rther use. This is a partlal cloEing of the loop which is a step

toward the uii l-_ate envirvn_aental control system of a completely closed ecological

- cycle. Such type_ _f systems would be essentially inorg_mically closed to start

with_ i.e., they would net attempt to process all the waste products u[ man and

regenerate these products in terms of food.

_he second, and more ad%'anced approach, J_ the completely closed ecological

system -ahere all the waste products of the (r_w are collected and regenerated for

use in providing oxygen, water and food for extended missions. This type of closed

ecological system, although not essentia] in the MOL, could be evol_ed and utilized

as time pzoceeds. Such a system could show definite advsr.tsges and 8avin_s _n the

overall supply at4 expendables r_iremeats for long-term r_isbions such as the plane-

tary --is_ion or a long-tlme lun@r base.

In the case of power generation and er.erT' storage, the space station requires

a large power source as the b_s{c energy supply for the various k.nds of activities

: that tame place onboard the station. It "s geverally escim4ted that _.Leut I kw

per man is required. Various tyFes of znergy sysZ_s m;-_ av_:iable, and the current

]

probl_m i8 to _elect the optimum system for the time period and _ctlvity that takes

place in the station. Cu_rlm__ly, various t_es of stltic and dynamic solar po_er

8)stems, nuclear pswer systmms of the reactor and isotope type, fuel cells and

_..a_.ic engine types are being evaluated. _ach type of ystem has _dvantages in its

own a,ea, time period and operational du_stio._. The problem at the ,,oment _s to

establish the most opt[_.,m ,.ystem for a particular set of criteria based en the

• _._l,nch date, the operational duration and the power levels necessary to '_e supplied.

i
i
}

1965005896-114



|

BiJ

The static solar powe: system technology is avail@ble at the present time.

The dynamic solar power system requires intensive development and implementation if
#

it is to be useful in the time period that has been suggested for the space station.

All solar power systems face orientation difficulties in rotating space etations.
%

Similarly, nuclear and isotope power sybt_s _r,_u be implementcd with additional

develo_mc_,_ funding and activity if they are Lu be a'_ailab!e i._:the l_t_ 1960 _eriod T

for space station t:tilization. Other power systems, such as fupi cells, are current-

ly being developed for the Gemini and Apollo programs and could possibly be usc<i

for short durations, at least '_nthe initial portion of the space station program

if optimization criteria show that this would be desirable.

One of the main problems associatc_d with the solar power supply i_ th-qt of

energy storage. Inasmuch as the space station would rotate about the earth _pproxi-

m_tely once every 90 minutes and pass through the shadow of the earth where the

, =- energy generated by a _.lar power syst_-_ would not be available, the space station

must rely on its eme_ storage systm., This means that ov-_r e period of Lim_ a

great nu_/_.e,_=f power eycl=s _re imposed coon the power system ._n term_ of power

drain and power input. At the p=esent time the,re are no batteries c._D2ble of with-
0

standing such a large numb(,r of cycles for periods oz time of up to 5 y=ars, the

ultimate requirement for som_ of ._ne lather stations. Other methods have been

=: su58este4 for energy storage, _ncluding the rotatin_ fly_hee I, "-'hi=h&l=_ ,nigh,

be used as s part of th£ stabil._zat!on control system.

Another area which re0uires ingenuity and intelligen_ design is tha, cf the

various kinds of =euhanlc81 Sys_e_.._. The_-_-_clude the physic_l dc,'kins iaci!ities

where the actual matin_ r,f fer_y and logisti,=s spacecraft takes _._ace after station

, rendezvous. It is necessary t.) develop t,,e best possible do'.kl_g system to permit

._ routine and automatic aonduct of this kind of opera, ion a_ ea_i v as possible to

"9

. _ ..............................| ......
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achleve adequate, reliab]e operational support. Much consideration is cur'ently

being given to the matter of airlocks and seals at various opening& and joints.
m

' Sealing and leakage is one el the most important problems currently associated

with the space station design. Leaks cause the loss of expendables which are

expensively tran_porte_| £rom earth by the loflistlcs spacecra_fc. Mechanical end

refacing s_,_i_ _,nd _,_tcria!s a=__-ociat_d with these d_,ices are among tt,e perentiai

leakage areas, Theq_ devices musL be operational and reliable for I¢_ig periods of

time in the sp, ce environment; the designer must be very select.ire in his choice of

materials, processes, and finishes if the long-term utilization and reliability " --

necessary _n the space station are to 5e accomplished.

In the area of the data handlJ-g and communication systems, essentially all the -
I

-_ buildinR blocks of the syst_ are available now. The main problem confronting the

system designer I,_ t= optimize ch_ systems in such a manner as to meet the rather

high d,._m:andsof bandwidth, data storage and proe-_i_g.

D. _gViRONM_[AL Pro,, _C9 lu;-

._be space station structure has to be dc_iRned to provide fer efficient environ- _--

_ental protect_on again.r rzdla_ion and meteoroids besides satisfying the us_!

structural dem_Inds. The met_-_roid protection Froblen_ is of _re=_t [m_,ortamce. Since

]=rXc _urZace areas 8/_d long e_:posure times are invo_v_i, penetrations may have to

I.

---_-- be expected. __nu in _hst case internal equipment has to be arranged xn such a way as

tc allo%' acc,:ss to the wali_ for repair. On the other hand, cqu_,-ment judiciously

arranged tdjacent to the wall*c can provide for additiona) radiation protectlor.

Radiat,on shielding requirements presently reDr-_=a=_ t_te g_eatesc azea of, uncertainty i_ MOL weight estimates _,_t_au_.; of untcr.=Jl,_' in crew tolerance -_=_d
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_nsufflcient understanding of the radiation environment. Shielding requic_=nts

in the MOL are much more s=_ingent than those of Mercu,'y, Gemini and Apollo, not

only because of the much greater exposure times but also be_.ause the accumulated

L
do_e should be kept Io'_ enough to avoid masking measured physiological responses

' t,_weightlessness.

Tho rad|ation sources th._,tare _mportant to the design of z_diation protection

are:

i, The natuyaliy ec'_ucfng Van Allen belts containing prlmarily electrot,a and protons.t

2. Artificially creatc-d _;ectron belts ca_se_ by high altitude nuclear tests.

3. Solar tLares.

t,. lilgh energy galactic r_dlmtion.

._. For Io_ altitude orbits theft lie below a geomagnetic latitude of about 40 de-

- _ grees, solar flares present no problem because of the shielding effect on the earth's

=_gnetlc field. For latitudes greater than 40 degrees, they are statistically a

__ problc'_nfor long stays and c_l require substantlal shielding. The 1.argest recorded

solar" event, in terms of dose (July 14, 1959)= ___u!ted in a consi_ersb!c p=rtlcle

flux a _. latitudes even as low as 30 degrees but essentially no flux at lo_er latitudes.

' A spacecraft with 1 g/cm 2 of aluminum shleldinf, would have received a n_gligible dose

from thl_ event at inclinations below 30 degrees) _nereas the dose would h_ve be_n

, -- about 200 rad at inclinations a few degrees hlgher at a 200 nautical mile a[titud_

(Reference 3). Thp =ax_,,um permissible emergency dose for Apollo a_trouauts _s

, pre_.enr.ly,-e._.,,_ 54 r_d/year to the blood-_ormlng org_s and 233 tad/year to the

'- skin,

I The g_lactic radiation creages a free space dose of less t'r,_ I0 tad/year behinda reasonably thin t_hield cf m_Ji_ atomic weight material For ....

--' degrees l.atl_ud, _- th_ I_ r_.duced to less than I rad/year.
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Because of such considerations as booster payload capabilities, launch sites

J and tracking st,_.tlonlocation6, the early manned satellites will operate considerably --

below an altitu_._ of 1,000 miles _a _li probably have ap _ncllnation of between 28

and 30 degrees g:ographic latitude. For the e conditions the only .ignificant source

of radiation haz.,Irdare the protons of the inner Van Allen belt and the artifi_ially

produced electrons from nuclear tests. 'l'neVan Allen b_IC proton --_-*_^-,_._,_,_.._o.,-----,¢°_I_

well known, but for future launch times there is the unresolved question Of how fast

the artificially pcoduced electron flux will decay and hence how great a hazard it

will be. Assuming a simple exponential decay one =ould predict that there would be

almost no artificial electron flux by 1967, but satellite data show a definite

' tenOmcy for t|.e decay to be more complex, and that the f]_x around 1967 _ay not b_
I

very much less than it is in 1963 inside the magnet_, anomaly which is located above

the South Atlantic off South America and which, contributes most of the integrated

flux encountered by _. low altitude satellite (Reference 4),

jw

From the standpoint of _'educiag the radiation hazard it is desirabl, to place

manned :_atellites in orbits _nich are at an altitude as low a_ _ossible consistent

with the sat_liite decay period cr orbit-keeping req._ire_ents, since the radiation

fluxes decrease .#its decreasing altitude below the inner Van Allen belt. Because

of desired life times from I to 5 years and space station size the air drag ef£ect._

i
become appreciable. As an example, consider a MOL having a total #eight of 50.000

Ib and _ W/CDA of 15 ib/ft 2. :Figure 4 shows the increase I_ propellant requir_..=,_

for orbit keeping as the maxi_n altitude decreases, a,.Jwell as the _ignifica_t

::;-ings in total fuel requirements as the frequen:y of reboostc is increased. The

necessary propellant will probably have to be deli_e,,_ to the MOL p,.ri,_Ically by "

_ _e_._ns c,f a logi_tlcs or resupply spe,ce_raft. Thus t_e maximum, rbital altitude is

not only governed by the radlac_on qhleldlng requirements but also by _e_o-_:ly -_=l,;.-:=

_er formance.

J

j l
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IV. MANNF/) ORBITAL LABORATORY DF_I_ OONCKPTS _

...A G_ERAL C_NSIDERATIOI|S

As prevlou_:ly noted the Manned Orbital Laboratory Is _ space flight _y_tem

designed to extend nmn'_ c_pability to llve and work in thv _pace enviror._en_ for '

p_tlud_ vL-=a =_n_h _c a year o_ _r_: There a:e three classes of experiments which

the MOL Is to accommodate: Biomedical research, engineering research and develop-

merit and space sci_.nce research.

The first class requires that the MOL be able to carry sufficient medical

egulpment to determine and develop the techniques required t? sustain man in the

_. space environment for long periods without degr_atiov. ¢f health or performance.

_ The second and third classics require that the MOL be large and flexible enout,_

to be compatible with a wide variety of engineering and scientific research tasks

-_ which can profit from _an's presence as an experimenter. This .-_' also include _he

requirement for extravehicular operations, rendezvous, dockinB, fuel and material

transfer, as well as sFace construction, repair and maintenance°

#. survey of the requirements listed by various bJomed.cal groups shows that the

weights esti=_ted for the biomedical Instrumentazion are unde'f 25C Ib, that in all

cases th_ total amount of power required is less than lO0 watts and that the volume

c

of the instrumentation reqaired is somewhat le_s than ]0 ft3. This does not In-

clud_ ur_boar_ centrifuges or elaborate !p_yc'P_).motortestin_ eguip_uent. From these

, ;',:;_h_r_ one can conclude that the b_om_ical instrumentatiun required, w_th the

, possible exceptxon of a high speed human centrifuge, do,.,snot prov_e a _ignificant

constraint on the MOL con_i_ration_ It must be stated, however, that • shirt sleeve

e_vironment wil_ be _eeessary, as well as sufficient room to perfo[m the exercises

needed for Contlnuod health,

i

d i-
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A 3u_%.ey of the engineering and scientlf._c experimental [equ'_rennen_s shows

that th_+average power need for each test is less than 200 watts, the average volume

for the equ_oment less than 6 cubic feet per test, while the average equipment wei£Jnt

per test is less than 160 pounds+ These llgures essentially show that early payloads

will be small and thus the size of .qMOL d_._nds more on the launch vehicle size,

the schedule required to complete a given number of tests a_d the resupply mode used

than on conflguration_l restreints imposed by individual experiments.

For several years the major aerospace companies, NASA Centers and the Air Force

have been studying the feasibility of a wide range of space statien concepts. Al-

though there are many s_sll differences in the proposed concepts a broad breakeown

into three basic categories is possible. These categories are the minimum, small

laboratory and large laboratory concepts.

The minlrmm concepts, i_ general= mak_ maximum use of availrblc hardware and

are considered becaus_ they require tile shorte_ + development lead times and minimum
[

resources. One successful launch would provide an imme¢iate capabl]ity for two men

to spend on the order of 100 days io a zero gravity environment. Extensions in stay

time aud aiteratlon of the concept_ to provide simulated Sravity can be incorpor-

ated in a minimum concept plan.

The small laboratory concepts require development cf & separate module ha_vixlg

llfe sur_ ,rt provision and room for appreciable experlment_tion. This module is

considered a relatively sim_ie development because, unlik,: the Mercury, Gemini or

Apollo spacecraf_:D it does not require a capability for rendezvous or docking pro-

pulsion, de-orbit retro thrust, re-entry, la_dlng and recover). The small labors -

_cry _ launched by a Saturn I_ Saturn IB or Titan LII booster provides llvin_ area
I

+,or from 4 to 6 men and would be designed for at least a l-year lifetime. Sufficient

weight margin may be available for providln_ arti(i&ial gravity when needed. The

small laboratory concept_ _re predicted on the use of separately launched crew ferry

+_, a;,d resupply systems.

, + , , +,

[
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The large laborator_ co-_;t_ _ ..... ._uily requlre a booster of the Saturn V class

" and separately launched crew ferry and lo_istics system..&. Such iaborat_='ies provide

an extensive capability for perforw.ing a wide ':sage of ex_--Limentat_on in space.

: 7hose generally have a crew of from !2 to 24 men and, hecau,e oi the major _nvestment :

, in equipment, probably would be designed for up to a 5-year li_etlme. Althou_h the

large laboratory requires fairly sophisticated desi_o procedures, it does ha_e the

- f-_ature of provld._ng zero gravity and artif._cial gravlt_" conaitions slmultaneousb/ by '

means ,)_ a central non-rotating hub. m
%

, The foiiowlng is a review of the various concepts, Ligh]ightlng their advantages

and '4_.sadvantages and includ_g a discussion of operational and ]og_.stics requir_nents_

: B. THE MINII_JM MOL

Of the several m_nJ:aal concepts proposed the Extended Apollo is an ex_nple (Fig.5).

The Exte.nded Apoih, -co_,slsts,,f modified Co,xnand and Service Modules which would b_

launched by a SaLur:'..T:B. The Serivce Module _oa]d be rather extensively modtfled

b7 off-lcadlng propellents and provld_ng additional 1.ife support stores and s_abili-

zatlon propellant for an extended stay-time capabiilty. Al_hough the Service Module

engine is considerably larger than would be cequlzed to provide de-orbit retro thru=t,
-

it would be a proven and available engine and, therefore, would have a certain ad-

, vantage over a newly developed retro package. Thi_ conflg,_ration can probably pro__de !

a lOO-day cap_biiity for two men to live in the Command Mod,,le. By launch%ng add-

it__onal Apollos each 100 days and transferring the men, contlnuo,_s stay capabl]ity can

be achieved.

The Apollo Command Module is limited in that it provides onl:¢ about 360 ft3 of

volume for its inhabitants. Various alternatives have been propo-'_ to overcome °his

lack of volume, such as modifying the Service Module vo thac a portion could be inhabited

>

[
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or buildlag an i-,L_.tabl¢ module in the Lranslt_on _ection between the S-l_IB sra_,_

i and t',leSer/ic,' Module (figure 5).

._ Pro_c_als ha_,e been also adva'aced to leav_ the S-IVB stage attached, oub_equently °

deployl;,_/,it by means of telescoping tubes and/o,_"cables, and Lhus provide a rotational

capabilit> for the e,'_ation of artiflc_al gravlt> (?-igure 6). This configuration hot

only places the crew close to 0"he ,otati_?n8 _- c_fort cone but also provide_, for good

r_tational stability with a wcbb]a angt_ o._ less than £ degree.

Of course, either of t_,es,._ latter alr.ernative_ would be such a major undertaking

that this could no longer be considered a minimum concept solely designed for the
#

"zero g gectsion." The basic advantage of the Extended _,olIo mini_ml concept is its

slra_licity and relatively early availability, ._hIeved at the expense of non-optlmum

destgn.

!

C. THE SMALL HOL

The small MOL is characterized by a 4- to 6-man crew capability, it hqs the

attractive feature of consisting primarily of a simple ivhabitable module which re-

quires no assembly or deplol_ent in orbit. In t_is cotcept the use of already de-

veloped hardware is emphasized with the exception of the laboratory module and

possibly some internal subsystems.

Figure 7 shows a typic_! zero gravity MOL vehicle. It is _ cylinder of approxi-

mately 2.000 to _,000 cubic f_et in volu_e and has a docking hub for attachment of

manned _errles and resupply =pacecraft. Host concepts show two compartments, one

of which h_s _apccially heawy radls_ion shglter during periods of intensive radiat_,n

: tl,,x increases.

[

i
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Like the minimal MOL, the small MOL is basical y a zero gravity station, but

mos_ concepts are conceived in such a way that _he)' can adapt to a n_gative outcome

of the "zero g decision." In order to provide an ar_:ificial gravity field for the

crew in the laboratury, the MOL and the expenqed upper stage of the launch vehicle

are rotated about their common cunter utilizing a c,onnecting _ysr_, of cables or

some form of rlgidlzed structure. As part of the plmmed biomedical experimentation

or as a crew reconditioning device, the use of an int_.,rnalor external centrifuge

is being con=_dered in the Aesign concepts_

, i Two launch vehicles classes are being con_idered for thp small IdOL systems. The

first is the Saturn !-_tan Ill-Saturn IB class, wherein pmyloads could v,cy between

18,000 and 28,000 _ounds, The second is _he Atlas Agena-Titan II clas,_, having pay-

loads from approximately 5,On-0 to 7,(.]0 pounds. The laboratory itself requires ode

o£ the large vehicles for its launch booster. The smaller vehicles may b_ r,eedcd for

ferry and resupply operations.

The M_OL and the last booster stage would be injected un_mnned from Cape Canaveral

iuto a 160- to 200-Daurical mile circular P__rth urb£t with an inclination of somcwhat

less than 30 degree_. Fcovlsions would be contain_ for supporting the MOL and a

two-faun crew for _bout two weeks. Critical _K)L systems, such as the life support and

power system,s, would be activated by ground command and monitored by teleme=ry for a

sufficient Lime to deter_nine proper operation prior to the initial manning operation.

_.egardiess of the method of MOL launch, ferry end resupply operations are re-

i qu_red for any ¢:_tended duration MOL mission. These operations are required to re-
piace the crew_ pro_:ide llfe support ard stabilization expendables, replace experime:tts

az.d provide fuel or possibly propalsion units for orbit keeping or changing.

Crew replacement could be a.'complished by a ferry spacecraft using launch,

; ' _en_ezvous, re-entry, lai_ding proceducus, operations and _snding sites currently
7

I
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/ planned and being developed for the Gemini program, The applie_Lion ._f an A4_ollo-

Y

Saturn ferry vehicle is also being considered which has the addiE:I.onalcapability

of carrying supplies with the crew. The ebci,.e between Gemini and Apollo ferries

} and their respect_v_ boosters is presently unresolved and will depend on the opera-

__._ tional cequiremen_s for crew replacement and resupply.

In the case of a Gemlni-Titan II ferry coilcept, there is little paylu_d .... _-

for logistics carge; the latter could be delivereo by a separate lesupplv spac_,_aft

of the Atlss-_4_ena D class. Thi_ logistics _pacecraft would be equipped with cor_trol

'-" and _ropulslon systems for maneuvering and docking which _e controlled remotely.
#

probably by the MOL crew. The first resupply spacecraft would be launched any time

within the flrstt_o weeks after the first two-man crew has boarded the MOL. It could

carry about a 90-day supply cargo, thus necessitating a loglsLics launch every three

months. To be fully ey:fective, the craft with its launch vehicle must be capable of

providing consumables to the MOL on a reliable schedule; iu _ddltiol_it must be able l_

mto accept some degree of e_ier_ency demand.

The requirements or the ferry vehicle are that it must have _ round trip capa-

bi!ity and always be ready at the 14OL [or emergency eva=uation. Tha fTequency of

ferry flights is quite dependent o_ r_e _ation experimental requirements. As noted

before, the pr.;ble_., of dete_iin[ng the effect of w_igh_lessness on man_s ability to

withstand re-entr_ _[_rces require_ that the astrorauts be exposed t,, re _;:.,_r>" de-

ce!erations after e_er~increasing periods of weightlessness. In order to lay the

groun_ w_rk for future planetary fll=._ts, man's react',oD up to a one-year exposure

: to welghtie&sne_s must be explored. This part of the biomedicsl e_{crlment can be

_, performed by means of a carefully planned crew: rotation schedule, which may be the

ke._ feature in the ferry requ[rc_ae_e,

1

1
--- |i
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For t|-_.purpose at illustration, F]m.r.r _ p_-cser,_ a possible c_w rotatif,n

schedule. The pill Is based on a four-man statl_rn witl- a _ne-yerr mission d-ration

and _l:-ec_ew transportation taunchings. After _he ._3L hss b_en _laced in o;-b_.tand

Its com_#nents adequately chec_.ed o_t, the fir_f.,ferry" v.-bi<le t1_n,_por_s ,twomen to

the labcratorT. Thirt_ days la_r the second fort3 vehicle is brought up, _-_ _f all

hs_ _roven well ,:.r"he f_.r.qtt_-omen t:.e nac3_id ui[l r_t- to co_!nte the crew. i

Thirty Jays la;:er, the third ferry vehicle wi:h t_t__sstronaut_ would arT!re and re-

tt, rn carrying one of the fii'_t crew_-"u_r/_ers _._o has be_ e, cgosed to weightlessness

' for stgty day. _, C_e of _he _st,_naut_ on tFe third vehicle _ould teturc with it as

the pilot for safe_y sln,:_ i_ _.s possible t.he first a_.trenau_ 's exposure to _ei&ht-

les_n_gq _ght h_ve eau,_ed him to lose his ability to operate u_nder high accelerations.

I_ the return .rip and g=ot'u_ medical eaamiaation of the first astronaut have

_roven him _o be i_ 8oo_a coudltlo_ the _ro_ continues as shown on the chart. Durln,o.

all of this one o_ _he first astronauts has been kept in spec_ the comple_.c time, at_d

he would provide the tct_l 360-d_y experience. Note chat i-_ _-h:s scheae si_ other men

-, wo_Id have b_ tested at t.i_es rm_.n E from b0 co 3{._)days in ocbit.

It s_'ould be p,_i,_ted eu._, however, that aithou8_ this crew ro_a._icn sc._dule

p3rmits the IdOL with a one-year iife_ime to gather a one year:s accumulet_i _ei_h._-

lessness eA-@erie_ce it is inherently risky. Suppose that the man- returning on the

_ourth ferry who has been in space for I00 da?vs experi_n_es severe _ifflcu!ties on

reentry: then it is almost certain t'l_t the or_ina! subject ".ntended _or the one-

year stay _houid be even in a worse condition, s_nce at _.hat time he would have

ac::umu]ated i30 days it.1_eignrlessness. Th__s dilesmm car. be avoided by a more con-

scrva_ive crew rotation sche_ul_ where the stay time data iv built u@ on a irogre_-_Ive

basis. This, of cot_rse, _'equir_s MOL lifetlmes of the order of two years and a

mJ i
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greater number" ef ferry launchiy_.gsto even_ually ae,'__li_h the one-year stay time

!

e_rperinent. Th_s discussion points tc the fact that a analysis of all

operational implicatlcnc_ and a thorough examination of _e use of a :._-:_rrifugeas

an alterrate method is necessary.

D, Tti_ L.ARC_ MOt :_

The large MOL is characterized by a crew ra_ging from 12 to 24 men rod a requite--

_.ent to be launched by a Saturn V booster. The size ranges from 150 _.o 200 feet _v

diameter, a__d internal volume is on the order of 50,000 ft3, Some typical _proaches

which have b_e_ _tudi_ to date, altho,-'FJnin no way a: [-inclusive, are _ho_n in

Fly-'re 9c For c_arison purposes a s_aal! I_L is also shown in _hi_ illustration.

l_e larFe _tatlon _tudles have range._ from inflatable toroidal concepts to huge

stations assembled in orbit. The hex_onal config_ratlo_ shown is a station ¢¢_posed

of rigid elements, It would be carried to orbit as a compact [,nit and deployed

automatical ly.

The major feature of most large MOL cc_acepts is that they provld._ for continuous

rotation, thus creating an azt!ficial gra_:ity field_ Non=rotating central hubs can

be utilized as zero gravity laboratories, l_dial spokes would be/areas of varying

gravit) fields as one proceeds toward or away from the rim oL the station.

The size of the station, the la.rge crew and _he varying gravity fields would

allow the large HOL to _ouctiou as a versa-tile space laboratory, and i_ could be

adaptable _o operational _c_th into an eiabor_te orbital launch facility, l%ese

features, of cou=se, are acquired at greater ezpense in developmc_t costs and time

and in opera:iona _ costs.

(hie of the !_rge rotating MOL configuration designs, which at the present ti_e

t_ being studied in g,.'eaterdetail, £s the three-radial module type (Fi_,re _

1965005896-126
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It i_ cm_)ri_;edof a hangar-type hJb area and three radially_C._p_iu)'___.'-_dule_.T}:_ I
! i

diameter of this _tatlon would be _pproxi.'._t..iy:50 it, and ".'t woui4 ro:ute abe,,._ _::=

axi:_of s}---_netrb"at 3 ,:o4 rpz,. The _t,ltio,,_outd g__n_ral!y5_ oriente,,to pC!hi i_.s

a)_ _._toter:on in the dlrection of the sun so as £o best util ze [|:usc,lar-.,!i pc.wet

_!ar< desloyec outboard of each radial module.

T_,e hub of the station would contain an envJ'£oumenta!l/ con%rolled ar(_ £oi' service

a[:dcheckout o[ logistics spac_zraft, ._/Ida zero gravity laboratory-_cu]d ,beic,:ated

in a circular t:reabelow the hangar. The zero gzavity "._abora'.orywouid not be ,o- _.

£ated but _ou14 be mcunted on bearings to allo_ for tnc relative motion between [t

al_dthe re,_£of the station (Figure II).

Duria,.__.aunchthe radial module_ would be folded down so that the axis of t teir

cylindric_l areas would be parallel to the ax.i._of the hub. The sequence ef lam ch

operations is shown in _igure 12. The space ¢ehlc)._is launched with _he space

station _:n_a,_,edand with a crew of six in a modelled Apollo lo@i_tle£ spaco._Rraft

a_op the spec_ ._tation.

Aftez injection _nto orbit, deploy:aen_of the radial modules is initiates. On

completion of deployment, the ferry spacecraft is separated, performs a turn-around

• maneu_-erand docks with the station. The ferry Is then to_ed into the hangar area_.

and ,'hecrew transfers into the space station to activate the onboard systems. InL

• _ thi_ concept no extravehleular operation_ are required. Once the system_re

aecIva£ed the sta_io,_is th_n spun up to the required an_alat"velocity,

, In general the large M0L and _%all MOL requir_nents for fezry and resupply systems

dlffez onlj quantltat£vely if :rew replacement is not strict_.y]ictat_d by the blo-

medical e..'c_cri;_ent.Certain aspects of the efficiency of usage o_ the payload

e_paclty of large launch vehicles or tradeoff_ between payload and rendezvous ability,
!

:

9

5

]965005896-]27



C

X_" ,33-

when. L_.cple_ with the associated reduct£oi'_ ir launch co._t per pou_d af pa'_ioad, m_ke

._ large re.rry an attractive co_cept,

The ,_.'=veloFment of 4 ,:est;_pFly-:,ehi_]e or a com)ined re_upply fer':y using =oa._rn.

[ la_:nch c_pa_ilit) will ,'_uce the tarsi n,rmber of launches aece!_8, i-y far !hrgt ._,)L

_upport. A posslb]e modification of the A@ollo spa_:ecraft to car:'y 4 to b men might

ippear a_ is shown in FiMa_ 1% ._L_.._e_z_-+_...._uDp-_t..........._n_ Hiff_-ine_ MOL crew sizes

_nd replacenen= sul,edu!e r_quiremet,£s can be sat:tsfled by the availability of such

a 6-man car_'ler. Full ut[:_zation _ cost econ(_ies real._zabi_ %ith avon largez
4

auuch vehicles (such as :_aturn IB) ,:,_m. be expecled to generate designs f_r even -

[arger ferry vehicles such as a !2-m(la ballistic re-entry _erry logistics veh_e!e

or n 12-r_n lifting body ve/_i_le.

&fief sufficient knowl_/ge of the requirement_ _o_ed by M_L design _ad

t2eraticnal characteristics is _=tah]_ished, optimlzatio_ of the design of both these

large re_upF!y ferry vehicles will take place. Eventually, with special citation

paid to flexibility and reusabiiicy, a choice will be made Identifying t-he particular

configuration and size to best provide economic support for the large MOL.

V. OONCLUSlON

It _an he _een from the foregolng discussions that the Manned O_bita] L_boratory

could be the logical forerunner of many manne_ ope_aticnai sys_'.eas, Slate it would

b_ a very costly undertaking, one should drive toward consolidating the varied i_terests

of the various federal agencies having a potential aperational mission in _pace _n _.

planning *or a _Ingle mul_i-purpose Manned Orbital Laboratory,

The NASA and the [K_D &re now conducting advanced exploratory studies of a MOL,

both in-house and by contract with industry. A_ planning progresses each agency will

I"

r i Jr ii , it ._.
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appraise objectives, concepts, r_lated proErams, resources and f,ture courses of

action dee_ed desirabJe in the national !rterest. At th._ epproprlate time, c_ordi-

hated DOD-NAStt recommendations con,;etning the _aplemencation of the progrrm _ill be :_

submitted to the Admin_straLion for aporoval ard decisions on the m_unagemenr approach.

The funda_nental question which face_ a_[ at the present time is that of the our-

pose of a space sta(ion. Once a clear _.oderstandin_ of tile purpose ig reached ar6 _-_

basic feasibility of the ideas established, a r_ze thorough _alua_ion of the de6L,_

cox:ceptz can be undertaken, which would lead to a preliminary de_i__n and ev_tuai.'ty
%

program execution.

The NASA na_; a multl-fa.'e£ study -r,.g_:sraunder way to supply the information

necessary to determine bow benefic'La. I a _ax_,e_d Orbital Laboratory -rogram is to this

• nation and Lc formulate a proper techn. _:_I a_,_rcach _,nee such a vrogram appears de-

siranle. The NASA h_s studies under waL" in thre? ,mJor areas:

A. Mission Definition.

, B. MOL Confi _7_'rations.

C. Logistics and Operations.

The mission definition st" _ies nre being carrlad out to establish the experlmenrs

to be performed onboard MOL. To that end N;:S& "_ad solicited recommendations for

appliez_tions fro_, nu_,erous sc[entlfic enginzering all military sources and _s pr_ently

e_,aluatlng thos_ _uggested uses through v_riou8 panels of exports. Since it appeazs

_ha_ the biomedical ex_erlments lesding toward the "zero g c_eclsio[ " will c.)mpris_ the

primary use of an early MOL, particular attention is b_Ing ,_evoLed to th_s area _f

studiez. These studies as w_-_ll &_ those in _he enslneer!ng and _cientific _ield,_ are

to lead :_,:a definition ,f t'_e exq_erJmental req,_irements in zer_.s of _.qui@menr., ope--

ations, crew espabillt_es, l_,glstic_ and laborator_ size measured again.st relative
m_

' returns. With al_ eye _o the future,.# studies of orhltal launch operations arc a].se

being tmd._r_ake,,.

[

r
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Followln_ in _lo=_e coordination with the miss._.ondefinition activities are

stud:.es of various HOL cor_figuration concepts. Under investigation are n,inimL:m_

small and large MOL co_cept_. Various ¢or,cepts are being compared for their effect- '

ive_e_s to cope with the dew,ands posed by the application,_, design constraints, costv

and schedules. From _he great multitude of possible cow,figuration concepts a smaller

number will be selectS, and eventuai!y one apl_reach will be chosen for more 'stalled

investigation. These confi=_ur:t_ou studies are supported by studies of elect_i? po_er

requirements, l,.fe support systems, dynamics aria control systems and w_n_, more support-

ing research stulies at the NASA research centers _nd industrial isbcratories.

In parallel with the MOL configuration lnvestigestions , feasibili:y studies of

v_.13us ferry vehicles are being undertaken. This includes wx)difie_ Gemini a11d Apollo

fer-i_s as well as conceptual studies o£ large bal]ietic and lift_.ng body spacecraft,

although it i_ quite clear _i_e_dv that the early MOt can use only mofllfled existing

spacecraft. Tying together all of the large stati_n logistics demands is a separate

study of MOL operations and logistics.

The results of all these stud_'es are being thoroughly _na!yzed at NASA Head-

q_s:_e_s with the purpose of selecting tha: IdOL concept whi¢_J satisfies the varlou,_

demands of cost, schedule, technical usefulT_ess, reliability and safety and preparing

a sound development plan f=r the program. _ince the Manned Orbital Laboratory is such

a basic research tool for any fixture .manned space operatior_s_ there is no question

that, eventually, it will become a reality. _he question is when and in what form.

m

I
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